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DESIGN  ENGINEERING  STANDARDS 

570  PIPING 

PRESSURE  RATING  TABLES  - PLAIN  ENl'3  - COPPER  TUBE 


1.  PURPOSE 


This  standard  provides  the  Maximum  Allowable  Pressures  for  copper  tube. 

2.  SCOPE 

This  standard  encompasses  copper  tube  made  according  to  ASM  specifications 
B75  and  B88. 

3<  MATERIAL  SPECIFICATION 

The  following  material  specifications  apply  to  the  tube  described  herein: 


MATERIAL  DESCRIPTION 

(1)  TUBE  SMLS  CU  ASM  B75 

(2)  TUBE  SMLS  CU  ASM  B88 


NOMINAL  SIZE  RANGE 

1/4"  thru  1/2" 
3/4"  and  up 


4.  ALLOWABLE  STRESS  VALUE 


The  allowable  stress  values  for  the  materials  described  in  this  standard 
are  based  on  ASA  B3I.3  1959  American  Standard  Code  for  Pressure  Piping, 
Section  3,  Petroleum  Refinery  Piping,  Table  302. 3. 1A.  The  allowable 
stress  values  are  based  on  copper  tube  at  100°F  and  150®F. 


A.  MATERIAL  DESCRIPTION 

( 1)  TUBE  SMLS  CU  ASM  B75 

(2)  TUBE  SMLS  CU  ASM  B88 

5.  MAXIMUM  ALLOWABLE  PRESSURE 


ALLOWABLE  STRESS  VALUE 

6,000  PSI 
6,000  PSI 


The  max  1 mum  allowable  pressure  for  the  tube  is  based  on  the  following 
formula  from  ASA  B31. 3 1959  American  Standard  Code  for  Pressure  Piping, 
Sec  cion  3>  Petroleum  Refinery  Piping,  Para.  304.1.2. 


A.  Formula. 


p — 2S  ( tjjj— C ) 

D-O^ta-C) 


P - Maximum  Allowable  Pressure,  PSI 
S = Maximum  Allowable  Hoop  Stress  from  4A 
D = O.D.  of  tube  as  listed  in  standard 
tube  specification. 

tjQ  - Minimum  Wall  thickness  as  specified 
by  above  code. 

C - 0.0  for  plain  end  tube 


............ 
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«$»W  ENGINEERING  STANDARDS 

570  PIPING 


PRE8SURE  BATING  TABLES  - PLAIN  ENDS  - COPPER  TUBE 


T7PE 


O.D. 

W jiy| 
•/n» 

•IZE 

3/8" 

1/4" 

5/8" 

1/2" 

GO 

3/4" 

1 1/8" 

1" 

1 3/8” 

1 lA" 

1 5/8" 

1 1/2" 

2 V8" 

2" 

2 5/8" 

2 1/2" 

3 1/8" 

3" 

4 1/8" 

4" 

NOM. 

MIN. 

WALL 

WALL 

(t) 

.065 

.0615 

.065 

.0615 

.065 

.0605 

.045 

.041 

.032 

.0305 

.065 

.0605 

.050 

.046 

.035 

.0315 

.065 

.0605 

.055 

.0505 

.042 

.0385 

.072 

.067 

.060 

.0555 

.049 

.045 

.083 

.076 

.G70 

.064 

.058 

.052 

.095 

.088 

.080 

.074 

.065 

.059 

.109 

.102 

.090 

.083 

.072 

.066 

.134 

.124 

.110 

.101 

.095 

.086 

MAX. 

IBS. 

PSI 

PER 

FT. 

2330 

.245 

1280 

.443 

943 

.641 

586 

>55 

433 

.328 

674 

.839 

507 

.655 

345 

.465 

546 

1.04 

454 

.844 

343 

.682 

511 

1.36 

421 

1.14 

339 

.940 

442 

2.06 

370 

1.75 

299 

1.46 

4l4 

2.93 

346 

2.48 

274 

2.03 

402 

4.00 

326 

3-33 

258 

2.68 

3?0 

6.51 

300 

5.38 

254 

4.66 

MATERIAL 

CODE 

NUMBER 

1-894-13-0020 

1-394-13-0040 

1-893-13-0050 

1-893-13-0045 

1-892-13-0007 

I-893-I3-OO6O 

1-893-13-0055 

1-892-13-0009 

1-893-13-0070 

1-893-13-0065 

1-892-13-0011 

1-893-13-0089 
1-893-13-0075 
1— 892— 13— 0013  I 

1-893-13-0090  j 
1-893-13-0085  J 
1-892-13-0015 

1-893-13-0100 
1-893-13-0095  ; 

1-892-13-0017  j 

1-893-13-0110 

1-893-13-0105 

1-892-13-0019 

1-893-13-0130 

1-893-13-0125 

1-892-13-0023 
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PRESSURE  RATING  TABLES  - PLAIN  AND  THREADS)  ENDS  - COPPER  PIPE 


1.  PURPOSE 

This  standard  provides  the  Maximum  Allowable  Pressures  for  copper  pipe 
with  plain  and  threaded  ends. 

2.  SCOPE 

This  standard  encompasses  copper  pipe  made  according  to  AS3M  specification 
BU2. 

3.  MATERIAL  SPECIFICATION 

The  following  material  specification  applies  to  the  pipe  described  herein: 

A.  MATERIAL  DESCRIPTION  IPS  SIZE  RANGE 

(1)  PIPE  SMIS  CU  ASM  Bfc2  1/8"  thru  6" 

h.  ALLOWABLE  STRESS  VALUE 

* The  allowable  stress  values  for  the  materials  described  In  this  standard 

4 are  based  on  ASA  B31.3  1939  American  Standard  Code  for  Pressure  Piping* 

jj  Section  3,  Petroleum  Refinery  Piping*  Table  302. 3»  1A.  The  allowable 

j stress  values  are  based  on  copper  pipe  at  100°P  and  150°F. 

i A.  MATERIAL  DESCRIPTION  ALLOWABLE  STRESS  VALUE 

(1)  PIPE  SMLS  CU  ASTM  Bk2  6*000  PSI 

MAXIMUM  ALLOWABLE  PRESSURE 

The  allowable  pressure  for  the  pipe  is  based  on  the  following 

, formula  from  ASA  B3I.3  1959  American  Standard  Code  for  Pressure  Piping* 

I Section  3*  Petroleum  Refinery  Piping*  Para.  30U.1.2. 

A.  Formula: 

p s 2S  P * Maximum  Allowable  Pressure*  PSI 

D-0.8  (tjn-C)  S * Maximum  Allowable  Hoop  Stress*  from  hA 

D = O.D.  of  pipe  as  listed  in  standard 
pipe  specification 

^m  » Minimum  Wall  thickness  as  specified 
by  above  code. 

C s 0.0  for  plain  end  pipe 
C » Depth  of  thread  or  0.05  whichever  Is 
greater. 
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DESIGN  ENGINEERING  STANDARDS 

_5T0  P1FIX0 

PRESSURE  BATING  TABLES  - PLAIT’  ENDS  - COPPER  PIPE 


WEIGHT 

NON. 

O.D. 

NQM. 

MIN. 

MAX 

IBS. 

MATERIAL 

OR 

SIZE 

WALL 

WALL 

PS1 

PER 

CODE 

SCH. 

(t) 

(t*) 

FT. 

HUBER 

Std. 

1/8” 

.405 

.062 

.0589 

1942 

.259 

1-580-13-0001 

XH 

.100 

.095 

3464 

•371 

1-580-13-0014 

Std. 

1/4" 

.540 

.082 

.0779 

1957 

.457 

1-580-13-0002 

XH 

.123 

.1168 

3138 

.625 

1-580-13-0015 

Std. 

3/8" 

.675 

.090 

.0855 

1691 

.641 

1-580-13-0003 

XH 

.127 

.1206 

2501 

.847 

1-580-13-0016 

Std. 

1/2" 

.840 

.107 

.1016 

1606 

.955 

1-580-13-0004 

XH 

.149 

.1415 

2336 

1.25 

1-580-13-0017 

XXH 

| 

.294 

.2793 

5435 

1.95 

1-580-13-0027 

Std. 

3Ab 

1.050 

.114 

.1083 

1349 

1.30 

1-580-13-0005 

XH 

.157 

.1491 

1922 

1.71 

1-580-13-0018 

XXH 

.308 

.2926 

4303 

2.78 

1-580-13-0028 

Std. 

1" 

1.315 

.126 

.1197 

1178 

1.82 

1-580-13-0006 

XH 

.182 

.1729 

1763 

2.51 

1-580-13-0019 

XXH 

.358 

.3401 

3913 

4.17 

1-580-13-0029 

Std. 

1 1/2" 

1.900 

.150 

.142: 

957 

3.20 

1-580-13-0008 

XH 

.203 

.1928 

1325 

4.19 

1-580-13-0021 

XXH 

.400 

.380 

28?r 

7.31 

1-580-13-0031 

Std. 

2" 

2.375 

.156 

.1482 

788 

4.22 

1-580-13-0009 

XH 

.221 

2099 

.4142 

ll4i 

5.80 

1-580-13-0022 

XXH 

.436 

2432 

10.3 

1-580-13-0032 

Std. 

2 1/2" 

2.875 

.187 

.1776 

77? 

6.12 

1-580-13-0010 

XH 

.280 

.266 

1197 

8.85 

1-580-13-0023 

XXH 

.552 

.5244 

2562 

15.6 

1-580-13-0033 

Std. 

3" 

3.500 

.219 

.208 

749 

8.75 

1-580-13-0011 

XH 

.304 

.2886 

1060 

11.80 

1-580-13-0024 

XXH 

.600 

• 570 

2246 

21.2 

1-580-13-0034 

Std. 

4" 

4.50 

.250 

.2375 

661 

12.90 

1-580-13-0012 

XH 

.341 

.3239 

916 

17-30 

1-580-13-0025 

XXH 

.674 

.6403 

1926 

31.4 

1-580-13-0035 

Std. 

6" 

6.625 

.250 

.2375 

442 

19.40 

1-580-13-0013 

XH 

.437 

.4151 

791 

32.90 

1-580-13-0026 

XXH 

.864 

.8208 

165C 

60.6 

1-580-13-0036 

i mmttf  * Air  NlNRl,  Im.  i 
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PRESSURE  RATING  TABLES  - THREADED  ENDS  - COPPER  PIPE 


WEIGHT  NOM. 

OR  SIZE 

SCH. 

Std*  1/8" 

XH 

Std.  1/4" 

XH 

Std.  3/8" 

XH 

1/2" 


3/4" 


1" 


1 1/2" 


2" 


2 1/2 


3" 


4" 


6" 


O.D. 


.1*05 


• 540 
.675 
.840 


1.050 


1.315 


1.900 


2.375 


2.875 


3.500 


4.50 


6.625 


NOM. 

MIN. 

WALL 

WALL 

(t) 

(tj 

.062 

.0589 

.100 

.095 

.082 

.0779 

.123 

.1168 

.090 

.0855 

.127 

.1206 

.107 

.1016 

.149 

.1415 

.294 

.2793 

.114 

.1083 

.157 

.1491 

• 308 

.2926 

.126 

.1197 

.182 

.1729 

.358 

.3401 

.150 

.1425 

.203 

.1928 

.400 

.3800 

.156 

.1482 

.221 

.2099 

.436 

.4142 

.187 

.1776 

.280 

.266 

.552 

.5244 

.219 

.208 

• 304 

.2888 

.600 

.570 

.250 

.2375 

• 341 

.3239 

.674 

.6403 

.250 

.2375 

.437 

.4151 

.864 

.8208 

MAX 

IBS. 

PSI 

PER 

FT. 

269 

.259 

1463 

• 371 

646 

.457 

1647 

.625 

659 

.641 

1370 

.847 

663 

.955 

1310 

1.25 

4026 

1.95 

609 

1.30 

1130 

1.71 

3279 

2.78 

472 

1.82 

1006 

2.51 

2955 

4.17 

475 

3.20 

821 

4.19 

2755 

7.31 

408 

4.22 

744 

5.80 

1970 

10.3 

331 

6.12 

726 

8.85 

2009 

15.6 

380 

8.75 

677 

11.80 

1806 

21.2 

376 

12*80 

622 

17.30 

1594 

31.4 

254 

19.40 

594 

32.90 

1430 

6 0.6 

It  miHMiuGrI  mmrty  El  Air  AN«R|  ln«~  m»m  m*w 

1 n<  wwi  tt  DMhcitX  m nRN*m<  »h»  * 


MATERIAL 

CODE 

NUMBER 

1-580-13-0001 

1-580-13-0014 

1-580-13-0002 

1-580-13-0015 

1-580-13-0003 

1-580-13-0016 

1-580-13-0004 

1-580-13-0017 

1-580-13-0027 

1-580-13-0005 

1-580-13-0018 

1-580-13-0028 

1-580-13-0006 

1-580-13-0019 

1-580-13-0029 

1-580-13-0008 

1-580-13-0021 

1-580-13-0031 

1-580-13-0009 

1-580-13-0022 

1-580-13-0032 

1-580-13-0010 

1-580-13-0023 

1-580-13-0033 

1-580-13-0011 

1-580-13-0024 

1-580-13-0034 

1-580-13-0012 

1-580-13-0025 

1-580-13-0035 

1-580-13-0013 

1-580-13-0026 

1-580-13-0036 
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COD)  BOX  SERVICE  +100®  P A BELOW  200  PSIO  MAX  OWO  COPPER  TUBE 
Tim  DESCRIPTION  SPECIFICATION 


TUBIBQ,  SEAMLESS,  COPPER,  BRAWN  DHP,  B75  STRAIGHT 


ngN.  size 

O.D. 

NON.  WALL 

TIPS  MATERIAL  CODE  NUMBER 

3/8" 

.065 

1-894-13-0020 

5/8" 

.065 

1-894-13-0040 

TUBING,  SEAMLESS,  COPPER.  BHIDINQ  TBfPER,  B86  STRAIGHT 

3A" 

7/8" 

.045 

L 

1-893-13-001*5 

1" 

1 1/8" 

.050 

L 

* 

1-893-13-0055 

1 iA" 

1.3/8" 

.055 

L 

1-893-13-0065 

1 i/a" 

15/8" 

.060 

L 

1-893-13-0075 

2" 

2 1/8" 

.070 

L 

1-893-13-0085 

2 1/2" 

2 5/8" 

.080 

L 

1-893-13-0095 

3" 

3 1/8" 

.090 

L 

1-893-13-0105 

3 1/2" 

3 5/8" 

.100 

L 

1-893-13-0115 

4" 

4 1/8" 

.110 

L 

1-893-13-0125 

FITTINGS 

1/4"  thru 

4" 

Wrot  Copper, 

Solder  Ends 

AStM  B75 
ASA  B16.22 

UNIONS 

1/4"  thru 

2" 

Wrot  Capper, 
to  Brz.  Seat, 

Gr.  Joint,  Brz. 
, Solder  Aida 

ASA  B16.22 

FLANGES 

See  Note  # 5 

VALVES 

* 

GATE 

1/4"  thru 

2" 

200#  Cast  Brz. , Screwed 

V-11A 

A 


All  Infermetlan  hereen  Is  the  canftdenflal  EriRirly  a#  Air  Products  and 
Chemicals,  (sc.,  unless  anather  icurcc  Is  shewn,  Is  suh|ect  Is  return  an  da* 
maud  and  mast  net  be  dlsclesed  er  rapradacad  wlthawt  prfer  written  cansent. 


Dote 

Jan.  1964 
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DESIGN  ENGINEERING  STANDARDS 

570  PIPING 


CT  2 


COLD  BOX  SERVICE 

+100°  F & BELOW  200  PSIO  MAX  OWG  COPPER  TUBE 

ITEM 

DESCRIPTION 

SPECIFICATION 

VALVES  (Coat'd) 

1 

GATE 

1/4"  thru  3" 

200#  Cast  Brz. , Solder  Ends 

V-11D 

1/4"  thru  3" 

Same  - Extended  Bonnet 

EBV-11D 

4" 

150#  Cast  Brz. , Solder  Ends 

V-4D 

4” 

Same  - Extended  Bonnet 

EBV-4D 

GLOBE 

1/4"  thru  2" 

200#  Cast  Brz. , Screwed 

V-5UA 

1/4"  thru  3" 

200#  Cast  Brz. , Solder  Ends 

V-512D 

1/4"  thru  3" 

Sane  - Extended  Bonnet 

EBV-512D 

ANGLE 

1/4"  thru  2" 

200#  Cast  Brz.,  Screwed 

V-1011A 

1/4"  thru  3" 

200#  Cast  Brz. , Solder  Ends 

V-1011D 

1/4"  thru  3" 

Same  w Extended  Bonnet 

EBV-1011D 

CHECK 

1/4"  thru  3" 

125#  Cast  Brz.,  Solder  Ends 

V-150ID 

GLOBE  (FOR  PRESSURE  GAUGE  AND  INSTRUMENT  SHUT-OFF) 

lA"  and  1/2" 

400#  OWG  Cast  Brz. , Needle 
Type,  8creved  Ends  (Warm 
Zone  Only) 

V-2011A 

W QitmioaA 

t*e 


All  InftrniaHtvi  h«ri«R  It  Ibi  ciRlAfiHil  pr«R«rty  «f  Ak  Mum  tod 
CMidA  lm»f  vttett  tntriitr  iwca  It  It  t»fe|ac t ft  rttern  tai  dt- 

■•Ml  and  m«tf  ntf  bt  rfltcltttfl  tr  rtpradvcad  wHhauf  prlar  written  cant  ant.  J&H  • 19&4 


DESIGN  ENGINEERING  STANDARDS 

570  PIPING  CT  2 

COLD  BOK  SERVICE  +100  °F  & BELOW  200  PSIG  MAX  OWG  COPPER  TUBE 


NOTE:  1.  The  use  of  bends  to  replace  ells  will  be  permitted  where  sound 

Judgment  indicates  an  application  on  sizes  up  to  and  including 
4"«  For  detail  bend  radius  date,  see  Design  Engr.  Std.  574.1.1. 

2.  Valves  with  a designator  prefix  of  EBV  - are  Extended  Bonnet 
Valves.  These  valves  are  to  be  selected  from  Air  Products 

and  Chemicals,  Inc.  Design  Engineering  Standards  Section  579.4. 

3.  The  term  "Solder"  shall,  in  all  cases,  be  interpreted  as 
referring  to  the  use  of  silver  braze. 

4.  Wrought  copper  caps  may  be  used  only  up  to  1/2" . 

5.  Flanges  are  to  be  avoided  if  possible.  If  they  are  necessary, 
they  are,  to  be  selected  from  Air  Products  and  Chemicals,  Inc. 
Design  Engineering  Standard  579.2.4. 

A.  For  LGX,  liquid  or  gaseous  H2»  liquid  or  gaseous  argon, 
liquid  or  gaseous  methane  or  any  other  hazardous  or 
valuable  material,  use  300#  minimum  flange  rating  in 
sizes  3"  and  below. 

B.  150#  flange  rating  may  be  used  where  called  for  in 
piping  standards  for  joints  4"  and  over  regardless  of 
fluid,  and  for  3"  and  below  for  fluids  and  conditions 
not  covered  in  (5,  A.). 

6.  This  standard  can  be  used  for  temperatures  above  100°F.  To 
determine  the  nunriimnn  psi  for  elevated  temperatures,  the  fol- 
lowing conversion  factors  may  be  applied  to  the  values  shown 
in  the  Pressure  Rating  Tables  (ASA  B31.1,  Section  2,  Table  4). 


150°F  - 1.000 

250 °F  - .833 


350°F  - .750 
400°F  - .500 


Dote 


Jan.  1964 


CT^t  amt  QLmua/t 


All  Infermetlon  hiriofi  It  Hu  confidential  property  of  Air  Product#  ond 
Chemical!,  lac.,  unlett  another  tourc#  It  shown.  It  tvh|ect  to  rotvm  on  de- 
mo nd  and  mutt  not  ho  disclosed  or  reproduced  without  prior  written  content. 


DESIGN  ENGINEERING  STANDARDS 

570  Piping 


CT  U 


57*1.10 
Page  1 


COLD  BOX  SERVICE 

+100° F & BELOW  400  PSIG  MAX  OWG  COPPER  TUBE 

im 

DESCRIPTION 

SPECIFICATION 

TUBING,  SEAMLESS,  COPPER,  DRAWN,  DHP,  B75  STRAIGHT 

NOM.  SIZE  O.D. 

NOM.  WALL  TYPE 

MATERIAL  CODE  NUMBER 

3/8" 

.065 

1-894-13-0020 

5/8" 

.065 

1-894-13-0040 

TUBING,  SEAMLESS,  COPPER,  BENDING  TEMPER,  B88  STRAIGHT 

3/4"  7/8" 

.045  L 

1-893-13-0045 

1"  1 1/8" 

.050  L 

1-893-13-0055 

M 

M 

r 

< 

CD 

.055  L 

1-893-13-0065 

1 1/2"  1 5/8" 

.060  L 

1-893-13-0075 

FITTINGS 

1/4"  thru  1 1/2" 

Wrot  Copper,  Solder 'Eads 

ASTM  B75 
ASA  B16.22 

UNIONS 

1/4"  thru  1 1/2" 

Wrot  Copper,  Gr.  Joint  to 
Brz.  Seat,  Solder  Ends 

ASA  B16.22 

FLANGES 

See  Note  # 5 

VALVES 

GATE 

1/4"  thru  1 1/2" 

200#  Cast  Brz. , Screwed 

V-11A 

1/4"  thru  1 1/2" 

200#  Cast  Brz. , Solder  Ends 

V-11D 

1/4"  thru  1 1/2" 

Sane  - Extended  Bonnet 

EBV-1ID 

GLOBE 

1/4"  thru  1 1/2" 
1/4"  thru  1 1/2" 

200#  Cast  Brz. , Screwed 
200#  Cast  Brz. , Solder  Ends 

V-511A 

V-512D 

H* 

z 

UJ 

5 

1/4"  thru  1 1/2" 

Same  - Extended  Bonnet 

EBV-512D 

0 

All  Information  harttn  It  the  confidential  property  of  Air  Product*  and 
Chemicals,  Inc.,  unleM  r it  other  courco  I*  shown,  I*  subject  to  return  on  de- 
mand and  must  not  bo  disclosed  or  reproduced  without  prior  written  consent,  j 

Date 

January, 

X 

< 

1961* 

o 


574.10 
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DESIGN  ENGINEERING  STANDARDS 

570  Fipinft 

COLD  BOX  SERVICE 

+100° F & BELOW  400  PSIG  MAX  0WG  COPFHt  TUBE 

ITEM 

DESCRIPTION 

SPECIFICATION 

VALVES  (Oont'd) 

ANGLE 

1/4"  thru  1 1/2" 

200#  Cast  Brz. , Screwed 

V-1011A 

l/k " thru  1 1/2" 

200#  Cast  Brz.,  Solder  Ends 

V-1011B 

1/4"  thru  1 1/2" 

Same  - Extended  Bonnet 

EBV-lOilD 

Check 

1/4"  thru  1 1/2" 

200#  Cast  Brz. , Solder  Ends 

V-1511D 

GLOBE  (FOR  PRESSURE  GAUGE  AND  INSTRUMENT  SHUT-OFF) 

1/4"  and  1/2" 

400#  OWG  Bronze,  Needle  Type, 
Screwed  Ends  (Warm  Zone  Only) 

V-2011A 

NOTE:  1.  The  use  of  bends  to  replace  ells  will  be  permitted  where  sound 

Juagment  Indicates  an  application  on  sizes  up  to  and  including 
4".  For  detail  bend  radius  .data  see  Design  Engr.  Std.  574.1.1. 


2.  Valves  with  a designator  prefix  of  EBV  - are  Extended  Bonnet 
Valves.  These  valves  are  to  be  selected  from  Air  Products  and 
Chemicals,  Inc.  Design  Engineering  Standards  Section  579-4. 

3.  The  term  "Solder"  shall,  in  all  cases,  be  interpreted  as 
referring  to  the  use  of  silver  braze. 

4.  Wrought  copper  caps  may  not  be  used  at  all. 

5.  Flanges  are  to  be  avoided  if  possible.  If  they  are  necessary, 
they  are  to  be  selected  from  Air  Products  and  Chemicals,  Inc. 
Design  Engineering  Standard  979*2.4  - 15  thru  579-2-4  - 26. 

6.  This  standard  can  be  used  for  temperatures  above  100° F.  "To 
determine  the  rroHmum  PSI  for  elevated  temperatures,  the 
following  conversion  factors  may  be  applied  to  the  values 
shown  in  the  Pressure  Rating  Tables  - Design  Engineering 
Standard  574.1  (ASA  B31.1,  Section  2,  Table  4). 

150° F - 1.000  350°F  - .750 

250° F - .833  400°F  - .500 


A 


iteU  flbm£Da& 


All  information  haraon  is  Ilia  confidential  proparty  of  Air  Products  and 
Chemicals,  Inc.,  unless  another  source  Is  shown,  is  sufafect  to  return  on  de- 
fend and  must  not  ho  disclosed  or  reproduced  without  prior  written  consent. 


Date 


Jan.  IfttA 


DESIGN  ENGINEERING  STANDARDS  574.50 


570  PIPING  ICT  4 

Page  1 

COLD  BOX  SERVICE 

PROCESS  (INSTRUMENT  PIPING)  100 °F  & BELOW,  400  PSIG  MAX  OUG 

COPPER  TUBE 

ITEM 

DESCRIPTION 

SPECIFICATION 

INSIDE  COLD  BOX 

TUBING 

'/8"  O.D.  Copper  (0.030"  Wall) 
Type  L 

ASTM  B88,  Annealed, 
Straight 

or 

3/8"  O.D.  Copper  (0.030"  Wall) 
Type  L (Coiled  tube  shall  not 
be  used  in  A PCI  Shop-manufactured 
Cold  Boxes) 

ASTM  B88,  Annealed, 
Coiled 

(For  Analyzer  Taps)  3/8"  O.D.  Copper  (0.065"  Wall) 

(0.065"  Wall  is  mandatory  for 
Analyzer  Taps) 

ASTM  B75  DHP 
Drawn,  Straight 

FITTINGS 

B1L5 

None  (use  bends) 

COUPLING 

3/8"  O.D.  x 3/8"  O.D.  Brass 
Union,  Flareless  Type,  Swagelok, 
Gyrolck,  or  Parker  C.P.I. 

or 

3/8"  O.D.  Wrot  Copper,  Solder  Ends 

ASTM  B75 
ASA  B16.22 

ADAPTER 

(At  STSTL  Line) 

3/8"  O.D.  x 1/4"  IPS,  Type  316  STSTL 
Buttweld  Male  Connector  to  Flareless 
Joint,  Swagelok,  Gyrolok,  or  Parker 
C.P.I. 

ADAPTER 

(At  Aluminum  Line) 

COUPLING 

1/2"  FNPT  2000 # Forged  Aluminum 
Coupling  or  Thredolet 

ASTM  B247  6061-T6 
ASA  B16.11 

CONNECTOR 

3/8"  O.D.  1/2"  MNPT,  Brass  Male 
Connector,  Flareless  Type, 

Swagelok,  Gyrolok,  or  Parker  C .1. 

OUTSIDE  COLD  BOX 

ADAPTER 
(At  Jacket) 

3/8"  O.D.  x 1/4"  FNPT,  Brass 
Bulkhead  Female  Connector, 
Flareless  Type,  Swagelok,  Gyrolok, 
or  Parker  C.P.I. 

W GUmuaA 

All  Information  tanoii  it  the  confidential  property  a#  Air  Products  and 
Chemicals,  Inc.,  units*  another  source  Is  shown.  Is  suh|ec»  to  return  on  de- 
mand and  must  not  he  disclosed  or  reproduced  without  prior  written  consent. 

Dote 

Nov.  1,  1968 

APCI  DOCUMENT 
an  99000/64 


574.50 
Page  2 


DESIGN  ENGINEERING  STANDARDS 

570  PIPING 


ICT  4 


COID  BOX  SERVICE 

PROCESS  (INSTRUMENT  PIPING)  100  UF  & BELOW,  400  PSIG  MAX  OWG  COPPER  TUBE 

ITEM  EBSCRIPTION  SPECIFICATION 

OUTSIDE  COLD  BOX  (Cont'd.) 

ADAPTER  (Cont'd.)  Steel,  Bulkhead  Retainer  (For 

use  with  Bulkhead  Female  Connector), 

Swagelok,  Gyrolok,  or  Parker  C.P.I. 


NIPPLE 

FITTINGS 


1/4"  Brass  Hex  Kerotest  U-10  or 

Equal 

1/4"  FNFT,  250#  Cast  Brass  ASTM  B62 

Screwed  Ends 


VALVES 

Globe  1/4",  400#  OWG,  Bronze  V-2011A 

Screwed  Ends 


NOTE:  1.  Ells  shall  not  be  used  inside  the  cold  box.  Only  bends  are  permitted. 


2.  Installation  of  flareless  fittings  shall  be  in  strict  accordance  with 
manufacturer's  instructions. 


3.  Before  tightening  external  bulkhead  nut,  caulk  bulkhead  female 
connector  with  Dow-Corning  Silastic  732  RTV  adhesive  sealant  to 
provide  suitable  jacket  seal. 

4.  The  term  "Solder"  shall  in  all  cases  be  interpreted  as  referring 
to  the  use  of  silver  braze. 


A Thctucti  Cbmica/* 


All  information  hereon  it  Hn  confidential  property  of  Air  Product!  ond 
Chemical*,  Inc.,  eniets  another  toorco  i»  thewn,  It  tehfect  to  retorn  on  do-  jNoV . 1,  1968 
mood  and  meet  not  he  dltcloted  or  roprodwcod  without  prior  written  content. 


DESIGN  ENGINEERING  STANDARDS  574.5! 

570  PIPING  ICT  9 Page  1 


COLD  BOX  SERVICE 

F.’OC^-SS  ( INSTRUMENT  PIPING)  100 °F  & BELOW,  900  PSIG  MAX  OWG 

COPPER  TUBE 

ITEM 

DESCRIPTION 

SPECIFICATION 

INSIDE  COLD  BOX 

TUBING 

3/8"  O.D.  Copper  (0.030"  Wall) 
Type  L 

ASTM  B88,  Annealed 
Straight 

or 

3/8"  O.D.  Copper  (0.030"  Wall) 
Type  L (Coiled  tube  shall  not  be 
used  in  A PCI  Shop-manufactured 
Cold  Boxes) 

ASTM  B88,  Annealed 
Coiled 

(For  Analyzer  Taps) 

3/8"  O.D.  Copper  (0.065"  Wall) 
(0.065"  Wall  is  mandatory  for 
Analyzer  Taps) 

ASTM  B75  DHP 
Drawn  Straight 

FITTINGS 

ELLS 

None  (use  bends) 

COUPLING 

3/8"  O.D.  x 3/8"  O.D.  Brass  Union 
Flareless  Type,  Swagelok,  Gyrolok, 
or  Parker  C.P.I. 

or 

3/8"  ODFS,  Brass,  Solder  Ends 

APCI  DWG.  41215A 

ADAPTER 

(At  STSTL  Line) 

3/8"  O.D.  x 1/4"  IPS,  Type  316  STSTL, 
Buttweld  Male  Connector  to  Flareless 
Joint,  Swagelok,  Gyrolok,  or  Parker 
C.P.I. 

ADAPTER 

(At  Aluminum  Line) 

COUPLING 

1/2"  FNPT  2000#  Forged  Aluminum 
Coupling  or  Thredolet 

ASTM  B247  6061-T6 

CONNECTOR 

3/8"  O.D.  x 1/2"  MNPT,  Brass  Male 
Connector,  Flareless  Type,  Swagelok, 
Gyrolok,  or  Parker  C.P.I. 

OUTSIDE  COLD  BOX 


ADAPTER  3/8"  O.D.  x 1/4"  FNPT,  Brass, 

(At  Jacket)  Bulkhead  Female  Connector, 

Flareless  Type,  Swagelok,  Gyrolok, 
or  Parker  C.P.I. 


All  information  hir««n  it  the  conDdontlol  property  of  Air  Much  and 

Dote 

Chemicals,  Inc,  vnlett  another  source  It  shown.  It  tvhiect  to  return  on  de- 

Nov. 1,  1968 

m V »»c 

mand  and  most  not  ho  disclosed  or  roproducod  without  prior  writton  content. 

ARCI  DOCUMENT 

no JSssau&i- 


DESIGN  ENGINEERING  STANDARDS 

570  PIPING 


ICT  9 


COLD  BGK  SERVICE 

PROCESS  (INSTRUMENT  PIPING)  100 °F  & BELOW,  900  PSIG  MAX  OWG  COPIER  TUBE 


JEM  DESCRIPTION 

OUTSIDE  COUP  BOX  (Cont'd.) 

ADAPTER  (Cont'd.)  Steel,  Bulkhead  Retainer  (For  use 

with  Bulkhead  Female  Connector), 
Swagelok,  Gyrolok,  or  Parker  C.P.I. 

PIHS  1/4"  Sch.  80S,  Seamless, 

Threaded  Ends 


FITTINGS 


1/4"  FNPT,  2000#  Forged  STSTL, 
Screwed  Ends 


SPECIFICATION 


ASTM  A312  Tp  304 


ASTM  A182  F304 
ASA  B16.11 


VALVES 

Globe 


1/4",  3000#  ONG,  Type  304  or  316 
STSTL,  Screwed  Ehds 


V-719A 


NOTE:  1.  Ells  shall  not  be  used  inside  the  cold  box.  Only  bends  are  permitted. 

2.  Installation  of  flareless  fittings  shall  be  in  strict  accordance  with 
manufacturer's  instructions. 

3.  Before  tightening  external  bulkhead  nut,  caulk  bulkhead  female 
connector  with  Dow-Coming  Silastic  732  RTV  adhesive  sealant  to 
provide  suitable  jacket  seal. 

4.  The  term  "Solder"  shall  ir.  all  cases  be  interpreted  as  referring 
to  the  use  of  silver  braze. 


All  inf  a Hon  hereon  it  Hit  confidential  property  of  Air  Product*  and  Dote 

I Chemicals,  Inc.,  unless  another  teerce  It  shown.  It  tehfect to rotarn  an  do-  I NOV*  1,  1968  I 
mond  and  most  not  bo  ditcloted  or  reproduced  without  prior  written  content. 


DESIGN  ENGINEERING  STANDARDS 


5T0  PIPING 


1CT  10 


COLO  BOX  SERVICE  100°F  & BELOW 

PROCESS  (INSTRUMENT  PIPING) 


1000  PSIG  MAX  OWG 


COPPER  TUBE 


INSIDE  COLD  BOX 


TUBING 


DESCRIPTION 


3/8"  O.D.  Copper  (0.065"  Wall) 


SPECIFICATION 


ASTM  B75,  No.  122 
Bending  Temper 
(Light  Drawn), 
Straight 


PREFERRED  SYSTEM 


INSIDE  COLD  BOX 


FITTINGS  (See  Note  1) 


ELLS (See  Note  2)  1/L"  MNPT  x 3/8"  O.D. , Brass  Male 

Elbow,  Flareless  Type,  Svagelok, 
Gyrolok,  or  Parker  C.P.I. 


COUPLING 


ADAPTER 


3/8"  ODPS  - Brass 

lA"  IPS  x 3/8"  ODFS  ST  STL 


(At  Process  Source) 


267**8a 


579.13.2  - 1 


OUTSIDE  COLD  BOX 


PIPE  MPPLk 


FITTINGS 


ADAPTERS 
(At  Jacket) 

VALVES 


1/h"  Sch.  80S,  Seamless, 
Threaded  Ends,  JT 

1 A”  FNPT  - 2000#  Forged 
ST  STL,  Screwed  bnds 

3/8"  ODFS  x lA"  MNPT,  ST  STL 


lA"  - 30L0#0WG,  Globe.  Type  iOh 
or  316  3T  STL 


ASTM  A 312  Tp  301* 


ASTM  A182  F 30L 
ANSI  Bl6.ll 

579.13.1  - 2 


V-719A 


ALTERNATE  SYSTEM 


INSIDE  COLD  BOX 
FITTINGS  (See  Note  l) 

ELLS  (See  Note  2)  1/U"  MtPT  x 3/8"  O.D. , Brass  Male 

Elbow,  Flareless  Type.  Swaglok, 
Gyrolok,  or  Parker  C.P.I. 

COUPLINGS  3/8"  O.D.  x 3/8"  O.D.  Brass  Union 

Flareless  Type,  Swagelok,  Gyrolok, 
or  Parker  C.P.I. 


All  information  Nrttn  it  tM  coaidontiol  prtpirty  of  Air  Productt  and 


A I All  information  Rtrttn  it  tut  confidential  prtpirty  of  Air 

CT&t  am/  CUmioafi  Chemicolt,  Inc.,  onlott  anclhtr  toiirct  It  ihtwn,  it  tubject  It 

*"*  [ mond  and  mutt  net  bo  ditciottd  or  reproduced  without  prior  wi 


rriffonconttm. 


; 5/25/7* 


APCI  DOCUMENT 


57^.52 
Page  2 of  3 


DESIGN  ENGINEERING  STANDARDS 


570  PIPING  ICT  10 


COLD  BOX  SERVICE  100°F  & BELOW  1000  PSIG  MAX  OWG  COPPER  TUBE 

PROCESS  (INSTRUMENT  PIPING) 


INSIDE  COLD  BOX  (Cont.) 

ADAPTER  3/8"  O.D.  x 1/4"  IPS,  Type  316  ST  STL, 

(At  ST  STL  Line)  Buttweld  Male  Connector  to  Flareless 
Joint,  Svagelok,  Gyrolok,  or  Parker 
C.P.I. 


ADAPTER 

(At  Aluminum  Line) 

COUPLING  1/4"  FNFT  2000#  Forged  Aluminum  ASTM  B247  6061-T6 

Coupling  or  Thredolet  ANSI  Bl6.ll 

CONNECTOR  3/8"  O.D.  x 1/4"  MNPT,  Brass  Male 

Connector,  Flareless  Type,  Swagelok, 

Gyrolok,  or  Parker  C.P.I. 


OUTSIDE  COLD  BOX 


ADAPTER  (See  Fig  1)  3/8"  O.D.  x 3/8"  O.D. , Brass,  Bulk- 

(At  Jacket)  head  Union,  Flareless  Type,  Swagelok, 

Gyrolok,  or  Parker  C.P.I. 

and 

3/8"  O.D.  x 1/4"  MNPT,  ST  STL,  Male 
Adapter,  Flareless  Type , Swagelok, 

Gyrolok , or  Parker  C.P.I. 

and 

Steel,  Bulkhead  Retainer  (For  use  with 
Bulkhead  Union),  Swagelok,  Gyrolok,  or 
Parker  C.P.I. 

ASTM  A312  Tp  304 


ASTM  A182  F304 
ANSI  Bl6.ll 


PIPE  NIPPUS  1/4"  Sch.  80S,  Seamless  Threaded 

Ends,  ST  STL 

FITTINGS  1/4"  FNFT,  2000#  Forged  ST  STL, 

Screwed  Ends 


VALVES 


1/4",  3000#  OWG,  Globe, Type  304  V-719A 

or  316  ST  STL,  Screwed  Ends 


am/ 

*ac. 


All  iflfofRiolion  (iirt«A  it  lira  conidentiol  property  off  Alt  Products  ond 
Chemicals,  Inc.,  unless  another  source  Is  shown,  Is  sahfect  to  return  on  de- 
mand and  most  net  be  disclosed  or  reproduced  without  prior  written  consent. 


Dote 

5/25/72 


\ 


* * 

A 


% 


DESIGN  ENGINEERING  STANDARDS 

570  PIPING  ICT  10 


57M2 
Page  3 of  3 


COLD  BOX  SERVICE  100°F  & BELOW  1000  PSIG  MAX  OWG  COPPER  TUBE 

PROCESS  (INSTRUMENT  PIPING) 


NOTE:  1.  Installation  of  flareless  fittings  shall  be  in  strict  accordance  with 

manufacturer' s instructions . 


2.  Ell  shall  not  be  used  inside  the  cold  box  except  immediately  adjacent 
to  a vessel.  See  Design  Engineering  Standard  579*23  for  instrument 
piping  concept. 

3*  The  term  "Solder"  shall  in  all  cases  be  interpreted  as  referring  to 
the  use  of  silver  braze. 


Note:  Before  tightening  Jam  nut, 

caulk  around  panel  hole  with 
Dov-Corcing  Silastic  732  RTV 
to  obtain  a jacket  seal. 


Figure  1.  Bulkhead  Union  Installation  Requirements 


y\  crfa'ftddiotl  amd OttmuxA 

All  information  hereon  it  the  onAdentiul  property  of  Air  Product*  and 

Octo 

Chomicalt,  Inc*,  unlett  another  towrco  It  thown,  it  tufaf.  *t  to  return  an  de- 

5/25/72 

A ■ X *•« 

mand  and  mutt  not  bo  dltdoted  or  rt produced  without  prior  written  content. 

DESIGN  ENGINEERING  STANDARDS 

570  PIPING 


ICT  23 


51k. 5k 

Page  1 


COLD  BOX  SERVICE  +100  °F  & BELOW  2300  PSIG  MAX  OWG  COPPER  TUBE 
PROCESS  (INSTRUMENT  PIPING) 


ITEM 

DESCRIPTION 

SPECIFICATION 

(INSIDE  COLD  BOX) 

TUBING 

3/8"  OD  Copper  (.065"  Wall) 

ASTM  B75  DHP 
Drawn  Straight 

FITTINGS 

ELLS 

None 

COUPLING 

3/8"  ODFS,  Brass 

41215A 

ADAPTER 

• 

1/4"  IPS  x 3/8"  ODFS 
ST5TL 

579.13.2  - 1 

(OUTSIDE  COLD  BOX) 

PIPE 

1/4"  SCH.  SOS,  STSTL 
Seamless,  Threaded  Ends 

ASTM  A312  Tp  304 

FITTINGS 

1/4"  FNPT  - 3000#  Forged 
STSTL,  Screwed  Ends 

ASTM  A182  F304 

ADAPTERS 
(At  Jacket) 

3/8"  ODFS  x 1/4"  MNPT 
STSTL 

579.13.1  - 2 

COUPLINGS 

(At  Individual  Local 
Instruments) 

1/4"  FNPT  - 3000#  Forged 
STSTL,  Screwed  Ends 

ASTM  A182  F304 

1/2"  FNPT  x 1/4"  FNPT 
3000#  Forged  STSTL, 
Screwed  Ends 

ASTM  A182  F304 

VALVES 

(At  Individual  Local 
Instruments) 

GLOBE 

1/4"  - 3000#  OWG  Type  304 
Forged  STSTL,  Screwed  Ends 

V-719A 

All  information  htrton  it  the  eonflAittiol  pr«R«riy  of  Air  Preduett  ond 
Chemlcelt,  Inc.,  unite  t another  eowrce  It  ehown,  It  i«H«d  It  ftlwn  tn  dt« 
maud  and  mail  not  be  dlidtitd  tr  reproduced  without  prior  written  content. 
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COLD  BOOL  SERVICE  +100°F  & BELOW  2300  PSIG  MAX  OWC  COPPER  TUBE 
PROCESS  (INSTRUMENT  PIPING) 


ITEM  DESCRIPTION  SPECIFICATION 

(OUTSIDE  COLD  BCK  - Cont'cO 


ADAPTERS 

(At  Local  Panels) 

(When  Pigtail  Assy,  is  req'd) 


(At  Jacket) 

3/8"  0DFS  x 1/2"  FNFT 
STSTL 

54701A 

(At  Shut-Off  Valves 

1/4"  FNPT  x .903"  Std.  02 

28473A 

and  at  Gauges) 

Connection,  Brass 

(At  Gauge) 

1/2"  FNPT  x .903"  Std.  02 
Connection,  Brass 

28698A 

Pigtail  Assembly  . 

.903"  Std.  02  Connections, 

47358A 

Copper 


VALVES  - Cylinder 

(For  use  with  Pigtail  Assy.) 

1/2"  MNFT  x .903"  Std.  02  Superior  AP1200X1 

Connection  - 4000#  OWG 
Forged  Brass , Screwed  Ends 


NOTE:  1.  No  ells  are  to  be  used  inside  the  cold  box.  Only  bends 

are  permitted. 


Data 


c?/(A  V ChmicaA 

Mt 


All  information  hereon  it  the  confldontlal  property  of  Air  Products  and 
Chemicals,  Inc.,  unis**  another  scores  Is  shown,  is  suhfoct  to  return  on  de- 
mand and  must  not  ho  disclosed  or  reproduced  without  prior  written  consent. 
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PRESSURE  RATING  TABLES  - PLAIN  AND  THREADED  ENDS  - CARBON  STEEL  PIPE 


1.  PURPOSE 

This  standard  provides  a maxiro'im  allowable  pressure  for  carbon  steel  pipe 
with  plain  and  threaded  end* 

2.  score 


This  standard  includes  carbon  steel  pipe  made  according  to  ASTM  A53  Gr  B 
Seamless  and  ASTM  A53  Buttweld. 

3.  MATERIAL  SPECIFICATION 

The  following  material  specifications  apply  to  the  pipe  described  herein: 
MATERIAL  DESCRIPTION  IPS  SIZE  RANGE 

(1)  PIPE  SMLS  CS  ASTM  A53  Gr  B 1/8"  and  larger 

(2)  PIPE  BW  CS  ASTM  A53  1/8"  thru  4" 

4.  ALLQWABIE  STRESS  VALtrE 

The  allowable  stress  values  for  the  materials  described  in  this  standard 
are  based  on  ASA  E31.1  - American  Standard  Code  for  Pressure  Piping, 

Section  2,  Industrial  Gas  and  Air  Piping  Systems.  The  allowable  stress 
values  are  based  on  carbon  steel  pipe  at  100°F. 

MATERIAL  DESCRIPTION  ALLOWABLE  STRESS  VALUE 

(1)  Pire  SMLS  CS  ASTM  A53  Br  B 21,000  PSI 

(2)  Pire  BW  CS  ASTM  A53  9,000  PSI 

5.  MAXIMUM  ALLOWABLE  PRESSURE 

The  maximum  allowable  pressure  for  the  pipe  is  based  on  the  following 
formula  from  ASA  B31.1  - American  Code  for  Pressure  Piping,  Section  2, 
Industrial  Gas  and  Air  Piping  Systems. 

Formula: 

P - — ^ P = Maximum  allowable  pressure  - PSI 

D - 0.8  (tm  - C)  S = Maximum  allowable  hoop  stress  from 

above  values 

D = O.D.  of  pipe  as  listed  in  standard 
tables 

^ - Minimum  wall  thickness  as  specified 
by  above  code 

C * 0.050  for  welded  Joints.  Depth  of 
thread  or  0.050,  whichever  is 
greater,  for  threaded  joints. 


A C7&  W fXemkaf^ 


AH 


U Hi#  « guMmM  pfpffy  «f  Air  Mvdi  «n4 
MH>ir  iMrtr  It  Mmwr,  It  ihMmI  to  rftorn  mi  A* 
tr  npr>Act<  wHtovt  prtor  wiKNt 
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570  PIPING 


PRESSURE  RATING  TABLES  - SEAMIJESS,  PLAIN  ENDS  - CARBON  STEEL  PIPE 


6.  PRESSURE  RATING  TABLES 


WEIGHT 

NOM. 

O.D. 

NOM. 

MIN. 

MAX. 

LBS. 

MATERIAL 

OR 

SIZE 

WALL 

WALL 

PSI 

PER 

CODE 

SCH. 

(t) 

FT. 

NUMBER 

Std.  (40) 

1/8" 

.405 

.068 

.059 

948 

.25 

1-548-67-0201 

XH  (80) 

.095 

.083 

3660 

.32 

1-548-67-0202 

Std.  (40) 

1/4" 

-540 

.088 

.077 

2187 

.43 

1-548-67-0205 

XH  (80) 

.119 

.104 

4565 

.54 

1-548-67-0206 

Std.  (40) 

3/8" 

.675 

.091 

.079 

1868 

.57 

1-548-67-0209 

XH  (80) 

.126 

.110 

4019 

.74 

1-548-67-0210 

Std.  (40) 

1/2" 

% 

00 

• 

.109 

.095 

2350 

.85 

1-548-67-0214 

XH  (80) 

.147 

.128 

4212 

1.09 

1-548-67-0215 

160 

.187 

.164 

6394 

1.31 

1-548-67-0217 

XXH 

.294 

.257 

12891 

1.72 

1-548-67-0216 

Std.  (40) 

3/4" 

1.050 

.113 

.099 

2036 

1.13 

1-548-67-0220 

XH  (80) 

.154 

.134 

3589 

1.47 

1-548-67-0221 

160 

.218 

.190 

6268 

1.94 

1-548-67-0223 

XXH 

.308 

.269 

10514 

2.44 

1-548-67-0222 

Std.  (40) 

1" 

1.315 

.133 

.116 

2196 

1.68 

1-548-67-0226 

XH  (80) 

.179 

.156 

3618 

2.17 

1-548-67-0227 

160 

.250 

.218 

5976 

2.85 

1-548-67-0229 

XXH 

.353 

.3x3 

10000 

3.66 

1-548-67-0228 

Std.  (40) 

1 1/2" 

1.900 

.145 

.127 

1759 

2,72 

1-548-67-0238 

XH  (80) 

.200 

.175 

2916 

3.63 

1-548-67-0239 

160 

.281 

.246 

4722 

4.87 

1-548-67-0241 

XXH 

.400 

.350 

7590 

6.41 

1-548-67-0240 

Std.  (40) 

2" 

2.375 

.154 

.134 

1528 

3.65 

1-548-67-0244 

XH  (80) 

.218 

.190 

2598 

5.02 

1-548-67-0245 

160 

.343 

.300 

4827 

7.45 

1-548-67-0246 

XXH 

.436 

.381 

6588 

9.03 

1-548-67-0247 

Std.  (40) 

2 1/2" 

2.875 

.203 

.177 

1923 

5.79 

1-548-67-0251 

XH  (80) 

.276 

.242 

2963 

7.66 

1-540-67-0252 

160 

.375 

.328 

4401 

10.01 

1-548-67-0253 

XXH 

.552 

.483 

7192 

13.70 

1-548-67-0254 

Std.  (40) 

3" 

3.500 

.216 

.189 

1722 

7.58 

1-548-67-0258 

XH  (80) 

.300 

.262 

2673 

10.25 

1-548-67-0259 

160 

.438 

.383 

4325 

14.30 

1-548-67-0260 

XXH 

.600 

.525 

6394 

18.58 

1-548-67-0261 

\ 


1 

* ■* 


It  Mm  fiHUtwHal  pfpmff  Air  Ertovdf  tnE 
CfcmttoGto,  Inc.,  unImi  —Mmt  mvki  to  itow*.  to  AWD|«cf  to  r*torn  •»  Mr* 
to  Mtocto**M  m nprtowto  wHtowl  prtot  mMton  cRfittftt. 
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WEIGHT 

NOM. 

O.D. 

NOM. 

MIN. 

MAX 

LBS. 

MATERIAL 

OR 

SIZE 

WALL 

WALL 

PSI 

PER 

CODE 

SCH. 

(t) 

(*m> 

FT. 

NUMBER 

Std.  (40) 

4" 

4.500 

.237 

.207 

1507 

10.79 

1-548-67-0272 

XH  (80) 

.337 

.295 

2390 

14.99 

1-548-67-0273 

160 

.531 

.465 

4181 

22.51 

1-548-67-0275 

XXH 

.674 

.590 

5575 

27.54 

1-548-67-0276 

Std.  (40) 

6" 

6.625 

.280 

.245 

1266 

18.98 

1-548-67-0288 

XH  (80) 

.432 

.378 

2165 

28.58 

1-548-67-0289 

160 

.718 

.628 

3939 

45.30 

1-548-67-0291 

XXH 

.864 

.756 

4892 

53.17 

1-548-67-0292 

Std.  (40) 

8" 

8.625 

.322 

.282 

1154 

28.5 

1-548-67-0298 

60 

.406 

.355 

1528 

35.6 

1-548-67-0299 

XH  (80) 

.500 

.437 

1954 

43.4 

1-548-67-0300 

XXH 

.875 

.765 

3729 

72.4 

1-548-67-0304 

160 

.906 

.792 

3880 

74.7 

1-548-67-0305 

20 

.10" 

10.75 

.250 

.218 

664 

28.0 

1-548-67-0309 

30 

.307 

.268 

865 

34.2 

1-548-67-0311 

Std.  (40) 

.365 

.319 

1072 

40.5 

1-548-67-0312 

XH  (60) 

.500 

.437 

1556 

54.7 

1-548-67-0313 

80 

.593 

.518 

1894 

64.3 

1-548-67-0314 

160 

1.125 

.985 

3926 

115.7 

1-548-67-0318 

20 

12" 

12.75 

.250 

.218 

559 

33.4 

1-548-67-0322 

30 

.330 

.288 

795 

43.8 

1-548-67-0323 

Std. 

.375 

.328 

932 

49.6 

1-548-67-0324 

40 

.406 

.355 

1024 

53.5 

1-548-67-0325 

XH 

.500 

.437 

1306 

65.4 

1-548-67-0326 

80 

.687 

.601 

1880 

88.5 

1-548-67-0328 

160 

1.312 

1.148 

3885 

160.3 

1-548-67-0332 

10 

14" 

14.000 

.250 

.218 

509 

36.7 

1-548-67-0336 

20 

.312 

.273 

678 

45.7 

1-548-67-0337 

Std.  (30) 

.375 

.328 

849 

54.6 

1-548-67-0338 

40 

.438 

.383 

1018 

63.4 

1-548-67-0339 

XH 

.500 

.437 

1187 

72.1 

1-548-67-0340 

60 

.593 

.519 

1445 

85.0 

1-548-67-034L 

80 

.750 

.656 

1883 

106.1 

1-548-67-0342 

100 

.937 

.820 

2416 

130.8 

1-548-67-0343 

120 

1 .093 

.956 

2866 

150.8 

1-548-67-0344 

140 

1.250 

1.094 

3330 

170.2 

1-548-67-0345 

160 

1.406 

1.230 

3796 

189.1 

1-548-67-0346 

A AH  lnf»ni>HDG  Ihwm  It  Nw  wHAwlitl  ytRtrty  mi  Air  Mvcfi  mmd 

I Qitmlcth,  Inc.,  ihiImi  Wfctbtc  itcftt  It  iNwt,  It  wfcjNl  In  c#*wn  •*  A* 
***  mm**  mm4  «»«§•  nmt  A HtdtiA  *r  ntwEwA  wMk«wl  prtor  wf)RM  ccomN. 
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PRESSURE  RATING  TABLES  - 

SEAMI£SS, 

PLAIN  ENDS  - 

CARBON  STEEL  PIPE 

WEIGHT 

NOM. 

O.D. 

NOM. 

MIN. 

MAX. 

LBS. 

MATERIAL 

OR 

SIZE 

WALL 

WALL 

PSI 

PER 

CODE 

SCH. 

(t) 

(W 

FT. 

NUMBER 

10 

16" 

16.000 

.250 

.218 

L 45 

42.0 

1-548-67-0350 

20 

.312 

.273 

593 

52 

1-548-67-0351 

Std. 

(30) 

.375 

.328 

741 

63 

1-548-67-0352 

XH 

(AO) 

.500 

.437 

1036 

83 

1-548-67-0353 

60 

.656 

.574 

1412 

108 

1-548-67-0354 

80 

.843 

.738 

1670 

137 

1-548-67-0355 

100 

1.031 

.902 

2236 

165 

1-548-67-0356 

120 

1.218 

1.06b 

2809 

192 

1-548-67-0357 

140 

1.438 

1.258 

3374 

224 

1-548-67-0358 

160 

1.593 

1.394 

3782 

245 

1-548-67-0359 

10 

18" 

18.000 

.250 

.218 

395 

47.0 

1-548-67-0363 

20 

.312 

.273 

526 

59 

1-548-67-0364 

Std. 

.375 

.328 

658 

71 

1-548-67-0365 

30 

.438 

.383 

788 

82 

1-548-67-0366 

XH 

.500 

.437 

919 

94 

1-548-67-0367 

40 

.562 

.492 

1052 

105 

1-548-67-0368 

60 

.750 

.656 

1453 

138 

1-548-67-0369 

80 

.937 

.820 

1860 

171 

1-548-67-0370 

100 

1.156 

1.012 

2345 

208 

1-548-67-0371 

120 

1.375 

1.203 

2835 

244 

1-548-67-0372 

140 

1.5j2 

1.367 

3264 

274 

1-548-67-0373 

160 

1.781 

1.558 

3771 

309 

1-548-67-0374 

10 

20" 

20.000 

.250 

.218 

355 

53.0 

1-548-67-0378 

Std. 

(20) 

. 375 

.328 

591 

79 

1-548-67-0379 

XH 

(30) 

.500 

.437 

825 

104 

1-548-67-0380 

40 

.593 

.519 

1003 

123 

1-548-67-0^ 

60 

.812 

.710 

1423 

166 

1-548-67 -C 382 

80 

1.031 

.902 

1852 

209 

1-548-67-0383 

100 

1.281 

1.121 

2349 

256 

1-548-67-0384 

120 

1.500 

1.313 

2793 

296 

1-548-67-0385 

140 

1.750 

1.531 

3306 

341 

1-548-67-0386 

160 

1.968 

1.722 

3763 

379 

1-548-67-0387 

10 

24" 

24.000 

.250 

.216 

296 

63.0 

1-548-67-0392 

Std. 

(20) 

.375 

.328 

491 

95 

1-548-67-0393 

XH 

.500 

.437 

686 

126 

1-548-67-0394 

30 

.562 

.492 

785 

141 

1-548-67-0395 

40 

.687 

.601 

982 

171 

1-548-67-0396 

60 

.968 

.847 

1443 

231 

1-548-67-0398 

90 

1.218 

1.066 

1840 

296 

1-548-67-0399 

100 

1.531 

1.339 

2357 

367 

1-548-67-C400 

120 

1.812 

1.585 

2831 

429 

1-548-67-0401 

140 

2.062 

1.804 

3260 

483 

1-548-67-0402 

160 

2.343 

2.050 

3750 

542 

1-548-67-0403 

'jAr 

AH  lof— nttoi  Mnrw  It  Hid  towMinHil  prtpwty  tf  Air  NtAcG  mnd 

Dot* 
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PRESSURE  RATING  TABLES  - BUTTWELD,  PLAIN  ENDS  - CARBON  STEEL  PIPE 


7.  PRESSURE  RATING  TABLES 


WEIGHT 

NOM. 

O.D. 

NOM. 

MIN. 

MAX. 

LBS. 

MATERIAL 

OP. 

SIZE 

WALL 

WALL 

PSI 

PER 

CODE 

SUH. 

(t) 

(t.) 

FT. 

NUMBER 

Std.  (40) 

j/8" 

.405 

.068 

.059 

430 

.25 

1-546-67-0001 

XH  (DC) 

.095 

.083 

1575 

.32 

1-546-67-0014 

Std.  (40) 

1/4" 

• 54C 

.088 

.077 

937 

.43 

1-546-67-0002 

XII  (80) 

.119 

.104 

1961 

.54 

1-546-67-0015 

Std.  (40) 

3/8" 

.675 

.091 

.079 

819 

.57 

1-546-67-0003 

XH  (80) 

.106 

.110 

1729 

.74 

1-546-67-0016 

Std.  (40) 

1/2" 

.840 

.109 

.095 

1061 

.85 

1-546-67-0004 

XH  (80) 

.147 

.128 

1821 

1.09 

1-546-67-0017 

XXH 

.294 

.257 

5533 

1.72 

1-546-67-0036 

Std.  (40) 

3/4" 

1.050 

.113 

.099 

870 

1.13 

1-546-67-0005 

XH  (80) 

.154 

.134 

1553 

1.47 

1-546-67-0018 

XXH 

.308 

.269 

4518 

2.44 

1-546-67-0037 

Std.  (40) 

1" 

1.315 

.133 

.116 

946 

1.68 

1-546-67-0006 

XH  (80) 

.179 

.156 

1560 

2.17 

1-546-67-0019 

XXH 

.358 

.313 

4290 

3.66 

1-546-67-0038 

Std.  (40) 

1 1/2" 

1.900 

.145 

.127 

752 

2.72 

1-546-67-0008 

XH  (80) 

.200 

.175 

1250 

3.63 

1-546-67-0021 

XXH 

.400 

.350 

3253 

6.41 

1-546-67-0040 

Std.  (40) 

2" 

2.375 

.154 

.134 

661 

3.65 

1-546-67-0009 

XH  (80) 

.218 

.190 

1119 

5.02 

1-546-67-0022 

160 

.343 

.300 

2070 

7.45 

1-546-67-0032 

XXH 

.436 

.381 

2827 

9.03 

1-546-67-0041 

Std.  (40) 

2 1/2" 

2.875 

.203 

.177 

828 

5.79 

1-546-67-0010 

XH  (80) 

.276 

.242 

1266 

7.66 

1 -546-67-0023 

160 

.375 

.328 

1887 

10.01 

1-546-67-0033 

XXH 

.552 

.483 

3082 

13.70 

1- 546-67-0042 

Std.  (40) 

3" 

3.500 

.216 

.189 

738 

7.58 

1-546-67-0011 

XH  (80) 

.300 

.262 

1148 

10.25 

1-546-67-0024 

160 

.438 

.383 

1854 

14.30 

1-546-67-0034 

XXH 

.600 

.525 

2740 

18.58 

1-546-67-0043 

Std.  (<+C) 

4" 

4.500 

.237 

.20? 

* ,^8 

10.79 

1-546-67-0013 

XH  (80) 

.337 

.2? 

' .14 

14.99  . 

1-546-67-0026 

160 

.531 

.46} 

-.790 

22.51 

1-546-67-0035 

XXH 

.674 

. 550 

2388 

27.54 

1-546-67-0044 

GLmkaA 
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8.  PRESSURE  RATING  TABLES 


WEIGHT 

NOM. 

O.D. 

NOM. 

MIN. 

MAX 

MATERIAL 

OR 

SIZE 

WALL 

WALL 

PSI 

CODE 

SCH. 

(t) 

<V> 

NUMBER 

XH  (80) 

1/8" 

.405 

.095 

.083 

3660 

1-548-67-0202 

XH  (80) 

1/4" 

.540 

.119 

.104 

4565 

1-548-67-0206 

XH  (80) 

3/8" 

.675 

.126 

.110 

4019 

1-548-67-0210 

Std.  (40) 

1/2" 

.840 

.109 

.095 

1971 

1-546-67-0214 

XH  (80) 

.147 

.128 

3807 

1-548-67-0215 

160 

.187 

.164 

5957 

1-548-67-0217 

XXH 

.294 

.257 

12352 

1-548-67-0216 

Std.  (40) 

3/4" 

1.050 

.113 

.099 

1735 

1-543-67-0220 

XH  (80) 

.154 

.134 

3271 

1-543-67-0221 

160 

.218 

.191 

5969 

1-548-67-0223 

XXH 

.308 

.269 

10113 

1-548-67-0222 

Std.  (40) 

1" 

1.315 

.133 

.116 

1512 

1-548-67-0226 

XH  (80) 

.179 

.156 

2898 

1-548-67-0227 

160 

.250 

.218 

5194 

1-548-67-0229 

XXH 

.358 

.313 

9107 

1-543-67-0228 

Std.  (40) 

1 1/2" 

1.900 

.145 

.127 

1290 

1-548-67-0238 

XH  (80) 

.200 

.175 

2428 

1-548-67-0239 

160 

.281 

.246 

4201 

1-548-67-0241 

XXH 

.400 

.350 

7016 

1-548-67-0240 

Std.  (40) 

2" 

2.375 

.154 

.134 

1156 

1-548-67-0244 

XH  (80) 

.218 

.190 

2211 

1-548-67-0245 

160 

.343 

.300 

4408 

1-548-67-0246 

XXH 

.436 

.381 

6143 

1-548-67-0247 

AAV  IViwHiii  Mn 1>  It  V to  NfMiiHM  yiEiRy  •#  Air  NAnD  ggV  | Oof« 
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GENERAL  SERVICE  -20  °F  TO  flOO°F  275  PSIG  MAX  OWG  CARBON  STEEL 


ITEM 

PIIE 

1/8"  thru  3/8" 
1/2"  thru  2" 

4"  and  smaller 
6" 

8"  thru  12" 

14"  thru  24" 
FITTINGS 
2"  and  smaller 

2"  and  smaller 

2 1/2"  thru  6" 

8"  thru  12" 

14"  thru  24" 

UNIONS 

2"  and  smaller 
2"  and  smaller 


DESCRIPTION 

SPECIFICATION 

XH  SMIS,  Threaded  Ends 

ASTM  A53  Gr  B 

Std.  SMLS,  Threaded  Ends 

ASTM  A53  Gr  B 

Std.  Buttweld,  Plain  Ends 

ASTM  A 53 

Std.  SKIS,  Plain  Ends 

ASTM  A53  Gr  B 

Sch.  20  SMLS,  Plain  Ends 

ASTM  A 53  Gr  B 

Sch.  10  SMLS,  Plain  Ends 

ASTM  A53  Gr  B 

2000#  Forged  Steel, 
Threaded  Ends  (See  Note  4) 

ASTM  A105  Gr  2 

Sch.  40  Forged  Steel, 
Socket  Weld  Ends 

ASTM  A105  Gr  2 
ASA  B16.11 

Std.  Wt.  Wrought  Steel, 
Buttweld  Ends 

ASTM  A 234  WPB 
ASA  B16.9 

Sch.  20  Wrought  Steel, 
Buttweld  Ends 

ASTM  A 234  WPB 
ASA  B16.9 

Sch.  10  Wrought  St' si. 
Buttweld  Ends 

ASTM  A234  WPB 
ASA  B16.9 

2000#  Forged  Steel,  Ground 
Joint,  Steel-to-steel  Seats, 
Threaded  Ends  (See  Note  4) 

ASTM  A105  Gr  2 

Sch.  40  Forged  Steel,  Ground 
Joint,  Steel-to-steel  Seats, 
Socket  Weld  Ends 

ASTM  A105  Gr  2 
ASA  B16.11 

FLANGES 

2 1/2"  thru  24" 


150#  Forged  Steel,  Raised  Face,  ASTM  A181  Gr  1 
Slip-On  ASA  B16.5 


2 1/2"  thru  24" 


150#  Forged  Steel,  Raised  Face  ASTM  A181  Gr  1 
Welding  Neck  ASA  B16.5 


"HmIkSI  amd  CLmitoA 

'M 


All  informcHnn  Ntma  It  IM  ctiMiflNtl  property  tf  Air  Pr*4ncft  and 
Ctanlcalt,  Inc.#  anisic  nnnttMr  itwct  It  It  svfclsct  !•  rslwrii  sn  it* 

mmnd  end  mutt  not  ko  dltdotod  or  roprodoood  trlHioot  prior  written  content. 


Oct 


Dote 

2 966 


J 


APCI  OOCUMENT 
mo  99oaa/A9 


578.10.2 
Page  2 


CS  2.7 


DESIGN  ENGINEERING  STANDARDS 

570  PIPING 


GENERAL  SERVICE 

-20 °P  TO  +100 °F  275  PSIG  MAX 

OWG  CARBON  STEEL 

ITEM 

DESCRIPTION 

SPECIFICATION 

BOLTING 

All  sizes 

Studs,  Alloy  Steel,  Full  Thd, 
Nuts,  Carbon  Steel,  Hex 

ASTM  A193  B? 
ASTM  A194  2H 
A PCI  579.2.2 

GASKETS 

All  sizes 

Ring,  Compressed  Asbestos 
1/16"  thick 

ASA  B16.21 
A PCI  579.2.3 

VALVES 

GATE- 

2"  and  smaller 

600#  Forged  Steel, 
Threaded  Ends 

V-63A 

2”  and  smaller 

600#  Forged  Steel, 
Socket  Weld  Ends 

V-63B 

2 1/2"  thru  24" 

150#  Cast  Steel, 
Buttweld  Ends 

V-121C 

2 1/2"  thru  24" 

150#  Cast  Steel,  Raised 
Face,  Flanged  Ends 

V-121G 

GLOBE 

2"  and  smaller 

600#  Forged  Steel, 
Threaded  Ends 

V-561A 

2"  and  smaller 

60 0#  Forged  Steel, 
Socket  Weld  Ends 

V-561B 

2 1/2"  thru  12" 

150#  Cast  Steel, 
Buttweld  Ends 

V-621C 

2 1/2"  thru  12" 

150#  Cast  Steel,  Raised 
Face,  Flanged  Ends 

V-621G 

DESIGN  ENGINEERING  STANDARDS 

570  PIPING 
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GENERAL  SERVICE 

-20 °F  TO  +100°F  275  PSIG  MAX 

OWG  CARBON  STEEL 

ITEM 

DESCRIPTION 

SPECIFICATION 

VALVES  (Cont'd) 

CHECK 

2"  and  smaller 

600#  Forged  Steel,  Lift, 
Threaded  Ends 

V-1561A 

2"  and  smaller 

600#  Forged  Steel,  Lift, 
Socket  Weld  Ends 

V-1561B 

2 1/2"  thru  18" 

150#  Cast  Steel, 
Buttweld  Ends 

V-1621C 

2 1/2"  thru  18" 

150#  Cast  Steel,  Raised  Face 
Flanged  Ends 

V-1621G 

ANGLE 

3/4"  and  smaller 

600#  Forged  Steel, 
Threaded  Ends 

V-1061A 

3/4"  and  smaller 

600#  Forged  Steel, 
Socket  Weld  Ends 

V-1061B 

1"  thru  2" 

600#  Forged  Steel, 
Socket  Weld  Ends 

V-1082B 

GIOBE  (FOR  PRESSURE  GAUGE  AND  INSTRUMENT  SHUT-OFF) 

1/4"  and  1/2" 

400#  OWG  Bronze, 
Threaded  Ends 

V-2011A 

NOTE:  1.  Bills  of  material  must  specify  bore,  for  buttwelded  valves 

and  welding  neck  flanges. 

2.  The  use  of  bends  to  replace  ells  will  be  permitted  where 
sound  judgment  indicates  an  application  on  sizes  up  to 
and  including  4".  For  detail  bend  radius  data  see  Design 
Engineering  Standard  578.10.1.1 


A 
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GENERAL  SERVICE 


-20 °F  TO  +100  °F  275  PSIG  MAX  OWG 


CARBON  STEEL 


NOTES:  (Cant'd) 


3.  This  standard  can  be  used  for  temperatures  above  100 °F.  The 
maximum  PSI  for  elevated  temperatures  shall  be  as  shown  in 
the  table  below. 


TEMP.  PSI 


150 °F  - 255 
200 °F  - 240 
250 °F  - 225 
300 - 210 


TEMP.  PSI 
350°F  - 195 
400°F  - 180 
450 UF  - 165 


4.  Socket  weld  fittings  shall  be  useu  wherever  possible.  The 
use  of  screwed  end  fittings  and  unions  shall  be  kept  to  a 
minimum. 
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-20°F  TO  +100 °F  720  PSIG  MAX  OWG  CARBON  STEEL 


ITEM 

PIPE 

1/8"  thru  3/8" 
1/2"  thru  2" 


EBSCR1 PTION  SISCIFICATION 

XH  Seaml ess.  Threaded  Ends  A STM  A 53  Gr  B 

Std.  Seamless,  Threaded  Ends  ASTM  A 53  Gr  B 


16"  and  smaller 
FITTINGS 
2”  and  smaller 

2”  and  smaller 

2 1/2"  thru  16" 

UNIONS 

2"  and  smaller 
2"  and  smaller 
FLANGES 

2 1/2"  thru  16" 

2 1/2"  thru  16" 

BOLTING 
All  sizes 


Std.  Seamless,  Plain  Ends 


2000#  Forged  Steel, 
Threaded  Ends 

Sch.  AO  Forged  Steel, 
Socket  Weld  Ends 

Std.  Wt.  Wrought  Steel 
Buttweld  Ends 


2000#  Forged  Steel,  Ground 
Joint,  Steel -to-Steel  Seats, 
Threaded  Ends 

Sch.  40  Forged  Steel,  Ground 
Joint,  Steel-to -Steel  Seats, 
Socket  Weld  Ends 


300#  Forged  Steel, 

Raised  Face,  Slip-On 

300#  Forged  Steel,  Raised 
Face,  Welding  Neck 


Studs,  Alloy  Steel,  Full  Thd. 
Nuts,  Carbon  Steel,  Hex 


ASTM  A53  Gr  B 


ASTM  A105  Gr  2 


ASTM  A105  Gr  2 
ASA  Bl6.ll 

ASTM  A234  WPB 
ASA  B16.9 


ASTM  A105  Gr  2 


ASTM  A105  Gr  2 j 

ASA  B16.11  | 

\ 


> 

ASTM  A181  Gr  1 ; 

ASA  B16.5  j 

ASTM  A181  Gr  1 \ 

ASA  B16.5  j 


ASTM  A193  B7 
ASTM  A194  2H 
A PCI  579.2.2 


) \ W OUmmaA 
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DESIGN  ENGINEERING  STAN*A»r' 

570  PIPING 

GENERAL  SERVICE 

-20°P  TO  +100°F  720  PSIG  MAX  ONG 

CARBON  STEEL 

ITEM 

DESCRIPTION 

SPECIFICATION 

GASKETS 

All  sises 

Ring,  Compressed  Asbestos 
1/16"  thick 

ASA  B16.21 
AFCI  579.2.3 

VALVES 

CATE 

2"  and  waller 

600#  Forged  Steel, 
Threaded  Ends 

V-63A 

2"  and  smaller 

600#  Forged  Steel, 
Socket  Weld  Ends 

V-63B 

2 1/2”  thru  16" 

300#  Cast  Steel, 
Buttweld  Ends 

V-131C 

2 1/2"  thru  16" 

300#  Cast  Steel,  Raised  Face 
Flanged  Ends 

V-131G 

GLOBE 

2"  and  smaller 

600#  Forged  Steel, 
Threaded  Ends 

V-561A 

2"  and  smaller 

600#  Forged  Steel, 
Socket  Weld  Ends 

V-561B 

2 1/2"  thru  16" 

300#  Cast  Steel, 
Buttweld  Ends 

V-631C 

2 1/2"  thru  16" 

300#  Cast  Steel,  Raised  Face 
Flanged  Ends 

V-631G 

CHECK 

2"  and  smaller 

600#  Forged  Steel,  Lift, 
Threaded  Ends 

V-1561A 

2"  and  smaller 

600#  Forged  Steel,  Lift, 
Socket  Weld  Ends 

V-1561B 

W ObrnkaA 

Mt 
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GENERAL  SERVICE  -20°F  TO  +100 °F  720  PSIG  MAX  CWG  CARBON  STEEL 


DESCRIPTION 


SPECIFICATION 


VALVES  (Cont'd) 
CHECK  (Cont'd) 

2 1/2"  thru  16" 


2 1/2"  thru  16" 


ANGIE 

3/4"  and  smaller 


3/4"  and  smaller 


1"  thru  2" 


300#  Cast  Steel, 
Buttweld  Ends 


600#  Forged  Steel, 
Threaded  Ends 

600#  Forged  Steel, 
Socket  Weld  Ends 

600#  Forged  Steel, 
Socket  Weld  Ends 


GLOBE  (FOR  PRESSURE  GAUGE  AND  INSTRUMENT  SHUT-OFF) 

1/4"  and  1/2"  3000#  OWG  Forged  Steel, 

Threaded  Ends 


V-1631C 


300#  Cast  Steel,  Raised  Face  V-1631G 
Flanged  Ends 


V-1061A 


V-1061B 


V-1082B 


V-619A 


NOTE:  1.  Bills  of  mater i al  must  specify  bore  for  buttwelded  valves, 

and  bore  of  welding  neck  flanges. 

2.  The  use  of  bends  to  replace  ells  will  be  permitted  where 
sound  judgment  indicates  an  application  on  sizes  up  to  and 
including  4".  For  detail  bend  radius  data  see  Standard 
578.10.1.1. 

3.  This  standard  can  be  used  for  temperatures  above  100°F. 

The  maximum  PSI  for  elevated  temperatures  shall  be  as 
shown  in  the  table  below. 


150°F 
200 °F 
2 50 °F 
300 °F 


TEMP.  PSI 

350°F  - 675 
400 °F  - 665 
450 °F  - 650 


A All  IfttoranaNefl  htfMti  It  Mi#  maMmNvI  pt+pfty  •!  Air  fr*4ucf«  mtsd 
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design  engineering  standards 


GENERAL  SERVICE 


HEM 

urn 

1/8"  thru  3/8" 
1/2"  thru  3/4" 

4"  and  smaller 
6"  thru  ID" 
FITTINGS 

3/4"  and  nailer 


578.10.4 

570  PIPING  CS  14  FMf  1 

-20 °F  TO  +100°F  1440  PSIG  MAX  ONG  CARBON  STEEL  j 


DESCRIPTION  SPECIFICATION 


XH  SMLS,  Threaded  Ends 

ASTM  A53  Gr  B 

Std.  Seamless,  Threaded  Ends 

ASTM  A53  Gr  B 

Std.  Seamless,  Plain  Bads 

ASTM  A53  Gr  B 

XH  Seamless,  Plain  Ends 

ASTM  A53  Gr  B 

2000#  Forged  Steel, 

ASTM  A105  Gr  2 

Threaded  Ends 

2"  and  analler 


Sch.  40  Forged  Steel, 
Socket  Veld  Ends 


ASTM  A105  Or  2 
ASA  B16.11 


2 1/2"  thru  4" 


6"  thru  10" 


ONIONS 

1"  and  smaller 


Std.  Wrought  Steel, 
Buttweld  Ends 


XH  Wrought  Steel, 
Buttweld  Ends 


ASTM  A234  WFB 
ASA  B16.9 


ASTM  A234  WPB 
ASA  B16.9 


Sch.  40  Forged  Steel,  Ground  ASTM  A105  Gr  2 
Joints,  Steel-to-Steel  Seats,  ASA  Bl6.ll 
Socket  Weld  Ends 


FLANGES 

1 1/2"  thru  10" 
BOLTING 


600#  Forged  Steel,  1/4"  Raised  ASTM  A105  Gr  2 
Face,  Welding  Neck  ASA  B16.5 


\ 


All  sizes 

GASKETS 
All  aizee 


Studs,  Alloy  Steel,  Full  Thd. 
Nuts,  Carbon  Steel,  Hex 


Ring,  Compressed  Asbestos 
1/169  thick 


ASTM  A193  Gr  B7 
ASTM  A194  Gr  2H 
A PCI  579.2.2 


ASA  B16.21 
A PCI  579.2.3 


Z \ 
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I r.fMF.PtT.  rtovtcr  -20°F  Tn  -KtOO^F 1440  PSIG  MAX  CWG  CARBON  STEEL 


ITEM  ASCRIPTION  SPECIFICATION 

VALVES 
GATE 

3/4"  and  smaller  600#  Forged  Steel,  V-63A 


Threaded  Ends 

' 1/4"  thru  2" 

600#  Forged  Steel, 
Socket  Weld  Ends 

V-63B 

2 1/2"  thru  10" 

600#  Cast  Steel, 
Buttweld  Ends 

V-141C 

2 1/2"  thru  10" 

600#  Cast  Steel,  Raised 
Face,  Flanged  Ends 

V-141G 

GLOBE 

For  Ordinary  Service 

3/4"  and  smaller 

600 # Forged  Steel, 
Threaded  Ends 

V-561A 

f 

J 

1/4"  thru  2" 

600#  Forged  Steel, 
Socket  Weld  Ends 

V-561B 

* 

I 

1 

2 1/2"  thru  10" 

600#  Cast  Steel, 
Buttweld  Ends 

V-641C 

i 

* 

2 1/2"  thru  10" 

600 # Cast  Steel,  Raised 
Face,  Flanged  Ends 

V-641G 

* 

For  compressor  blowdown  from  condensate  traps  where 
and  closing  of  the  valve  is  encountered. 

frequent  opening 

3/4"  and  smaller 

600#  Forged  Steel, 
Threaded  Ends 

V-585A 

» 

3/4"  and  smaller 

600#  Forged  Steel, 
Socket  Weld  Ends 

V-585B 

iA  TledteU  <m/  GLm&aA 
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GENERAL  SERVICE 
ITEM 

VALVES  (Cont'd) 

ANGLE 

For  Ordinary  Service 
3/4"  and  smaller 

3/4"  and  arlller 

1"  thru  2" 


-20 °F  TO  +100 °F 


DESCRIPTION 


1440  PSIG  MAX  CWG 


CARBON  STEEL 


SPECIFICATION 


600#  Forged  Steel, 
Threaded  Ends 

600#  Forged  Steel, 
Socket  Weld  Ends 

600#  Forged  Steel, 
Socket  Weld  Ends 


V-1061A 

V-1061B 

V-1082B 


For  compressor  blowdown  from  condensate  traps  where  frequent  opening 
and  closing  of  the  valve  is  encountered. 


3/4"  and  smaller 
3/4"  and  smaller 
CHECK 

3/4"  and  smaller 
1/4"  thru  2" 

2 1/2"  thru  10" 

2 1/2"  thru  10'- 


600#  Forged  Steel, 
Threaded  Ends 

600#  Forged  Steel, 
Socket  Weld  Ends 


600#  Forged  Steel, 
Threaded  Ends 

600#  Forged  Steel, 
Socket  Weld  Ends 

600#  Cast  Steel, 
Buttweld  Ends 

600#  Cast  Steel,  Raised 
Face,  Flanged  Ends 


GLOBE  (FOR  PRESSURE  GAUGE  AND  INSTRUMENT  SHUT-OFF) 

1/4"  and  l/2"  3000#  CWG  Forged  Steel, 

Threaded  Ends 


V-1083A 

V-1063B 

V-1561A 

V-1561B 

V-1641C 

V-1641G 

V-619A 


1* 


All  IgIgwuHgg  fcf— m It  Nm  wMnlW  yiputy  «f  Air  N#mH 
E$  OtemiuA  CttMlMh,  Me..  wOmi  gggHut  mwm  it  iImwa  if  mMnI  N m 
«fii#  aa#  HHift  Aft  It  Aidfff#  «r  rfptfAcf#  wlUfft  priar  wrffVam 


Oof# 
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DESIGN  ENGINEERING  STANDARDS 

570  PIPING 


GENERAL  S-H/iGE  -20°P  TO  +100 “f  1440  Mu  WAX 


CARBON  STEEL 


NOTE:  1.  Hills  of  material  must  specify  bore  for  buttwelded  valves, 

a.vi  bore  rf  welding  neck  flanges. 

2.  Th  . use  of  oends  to  replace  ells  will  be  permitted  where 
sound  judgment  indicates  an  application  on  sizes  up  to 
ari  including  4".  For  detail  bend  radius  data  see  Design 
Engineering  Standard  578.10.1.1. 

3.  This  standard  can  be  used  for  temperatures  above  lOO^F. 
The  maximum  PSI  for  elevated  temperatures  shall  be  as 
shown  in  the  table  below. 


TEMP. 

PSI 

TEMP. 

PSI 

150  °F 

- 1410 

350UF 

- 1300 

200 aF 

- 1385 

400°F 

- 1275 

250°F 
300 °F 

- 1355 

- 1330 

450°F 

- 1250 

im/  fltfimeca/d 

All  ififormotten  It  *u»  nhMirIW  ypariy  •*  Air  frette cH  w*4 

CftiemUmU,  Inc-.  —A Mr  mnn«  *•  *h*wn,  it  twMcl  to  return  en  4%. 

mat m»  «»4  mvri  m#«  W 4iscto»«4  er  rapr*4uf4  pries  written  content. 

Dot* 

July,  l‘-'f 

DESIGN  ENGINEERING  STANDARDS 

570  PIPING 


CS  20 


5*8. 10. 5 
Page  1 

GENERAL  SERVICE  -20°F  TO  +100 °F  2000  PSIG  MAX  CWG  CARBON  STEEL  i 


ITEM  DESCRIPTION  SPECIFICATION 

PIPE 


1/8"  thru  3/4" 

XH  Seamless,  Threaded  Ends 

ASTM  A53  Gr  B 

6"  and  smaller 

XH  Seamless,  Plain  Ends 

ASTM  A53  Gr  B 

FITTINGS 

1/8"  thru  3/4" 

3000#  Forged  Steel, 
Threaded  Ends 

AS™  A105  Gr  2 

2"  and  smaller 

Sch.  bC  Fcrged  Steel, 
Socket  Weld  Ends 

AS™  A105  Gr  2 
ASA  B16.11 

2 1/2"  thru  6" 

XH  Wrought  Steel, 
Buttweld  Ends 

AS™  A234  WPB 
ASA  B16.9 

UNIONS 

1"  and  smaller 

Sch.  80  Forged  Steel,  Ground 
Joints,  Steel -to-Steel  Seats, 
Socket  Weld  Ends 

AS™  A105  Gr  2 
ASA  B16.11 

FLANKS 

1 1/2"  thru  6" 

900#  Forged  Steel,  1/4" 
Raised  Face,  Welding  Neck 

AS™  A105  Gr  2 
ASA  B16.5 

BOLTING 

1 1/2"  thru  6" 

Studs,  Alloy  Steel,  Full  Thd. 
Nuts,  Carbon  Steel,  Hex 

AS™  AI93  Gr  B7 
AS™  A194  Gr  2H 
A PCI  579.2.2 

GASKETS 

All  3ifcti8 

Ring  Compressed  Asbestos 
1/16"  thick 

ASA  B16.21 
A PCI  579.2.3 

VALVES 

GATE 

3/4"  and  smaller  600)1 f Forged  Steel,  v'-63‘, 

Threaded  Ends 


T \ mt/tXemunA 

AM  Mftr  Hi*  — prtRiMy  e*  AW  •«# 

CKamkaH,  Im.,  aiilai.  f lewct  la  aliewm,  la  awk«a«i  M Mwa  m A* 

f 4 **• 

man#  wm4  wail  aat  We  dlat.^td  ee  rafradiKtd  wiHiaat  prit  erRHa  canaaiH 

Dot* 

July,  1965  | 
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GENERAL  SRRWii^it 


CARBON  STEEL 


DESIGN  ENGINEERING  STANDARDS 


ge  2 CS  20 

570  PIPING 

GENERAL  SERVICE 

-20  °F  TO  +100 °F  2000  PSIG  MAX  (JUG 

CARBON  ST 

TOM 

VALVES  (Coat'd) 
GATE 

DESCRIPTION 

SPECIFICATION 

2"  and  mailer 

600#  Forged  Steel, 
Socket  Weld  Ends 

V-63B 

2 1/2"  thru  6" 

900#  Cast  Steel, 
Buttweld  Ends 

V-151C 

2 1/2*'  thru  6" 

GLOBE 

For  Ordinary  Service 

900#  Cast  Steel,  Raised 
Face,  Flanged  Ends 

V-151G 

3/4"  and  mailer 

600#  Forged  Steel, 
Threaded  Ends 

V-561A 

3/4"  and  mailer 

600#  Forged  Steel, 
Socket  Weld  Ends 

V-561B 

1"  thru  2" 

600#  Forged  Steel, 
Socket  Weld  Ends 

V-584B 

2 1/2 ' thru  6” 

900#  Cast  Steel, 
Bu+tweld  Ends 

V-651C 

2 1/2"  v*hru  6" 

900#  Cast  steel.  Raised 
Face,  Flanged  Ends 

V-651G 

For  compi essor  blowdown  from  condensate  traps  where  frequent  opening 
and  dosLig  of  the  v«lvc  is  encountered. 

3/4"  and  smaller 

600#  Forged  Steel, 
Threaded  Ends 

V-585A 

3/4"  and  smaller 

600#  Forged  Steel, 
Socket  Weld  Ends 

V-565B 

QLmAaA 


It  Nn  itwiitHil  prt »Hy  •#  Air  PnRrcD  m4  *>o*t 

i— Mr  trnmtrn  It  riDf,  It  lAjad  t»  nlm>  w St. 

i— I D»  DmIimR  tr  rtprMfA  wWimIriIn  titllRm  cmwM.  I July,  1965 


GENERAL  SERVICE 


DESIGN  ENGINEERING  STANDARDS  578.10.5 

570  PIPING CS  20  Page  3 

-20  °F  TO  +100 °F  2000  PS1G  MAX  OWG  CARBON  STEEL 


mac 

DESCRIPTION 

SPECIFICATION 

i 

VALVES  (Cont'd) 

f 

t 

ANGIE 

i 

? 

5 

1 

} 

For  Ordinary  Service 

3/4"  and  smaller 

600 # Forged  Steel, 
Threaded  Ends 

V-1061A 

1 

3/4"  and  analler 

600#  Forged  Steel, 
Socket  Weld  Ends 

V-1061B 

1"  thru  2" 

600#  Forged  Steel, 
Socket  Weld  Ends 

V-1082B 

For  compressor  blowdown  from  condensate  traps  where  frequent  opening 
and  closing  of  the  valve  is  encountered. 

3/4"  and  smaller 

600#  Forged  Steel, 
Threaded  Ends 

V-1083A 

3/4"  and  smaller 

600#  Forged  Steel, 
Socket  Weld  Ends 

V-1083B 

» 

| 

CHECK 

3/4"  and  smaller 

600#  Forged  Steel, 
Threaded  Ends 

V-1561A 

2"  and  smaller 

600#  Forged  Steel, 
Socket  Weld  Ends 

V-1561B 

2 1/2"  thru  6" 

900#  Cast  Steel, 
Buttweld  Ends 

V-1651C 

i 

| 

2 1/2"  tnru  6" 

900#  Cast  Steel,  Raised 
Face,  Flanged  Ends 

V-1651G 

GLOBE  (FOR  PRESSURE  GAUGE  AND  INSTRUMENT  SHUT-OFF) 

1/4"  and  1/2" 

3000#  0WG  Forged  Steel, 
Threaded  Ends 

V-619A 

mmJ  GLmioaA 

All  lolonooMoo  fctrmmn  H *•  cuMwA 1 fMtfty  •*  NAdi  mm4  I Dot* 

Oiowl ell,  In*.,  vote**  mmmtkrn  nvtw  It  tfcowft,  It  wMm(  to  f«tora  *o  A-  1 
nN  wl  mint  w»  D*  Otd— < OF  !■#>■*>!><  WMIWK  prtDt  wrfNto  ctNMt.  | * 
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GENERAL  SERVICE 


DESIGN  ENGINEERING  STANDARDS 

570  PIPING 


-20  “F  TO  +100 °F  2000  PSIG  MAX  OWT. 


CARBON  STEEL 


NOTE:  1.  Bills  of  Material  must  specify  bore  for  buttwelded  valves, 

and  bore  of  welding  neck  flanges. 

2.  The  use  of  bends  to  replace  ells  will  be  permitted  where 
sound  judgment  indicates  an  application  on  sizes  up  to 
and  including  4".  For  detail  bena  radius  see  Design 
Engineering  Standard  578.10.1.1. 

3.  This  standard  can  be  used  for  temperatures  above  100 °F. 
The  maximum  PS I for  elevated  temperatures  shall  be  as 
shown  in  the  table  below. 


TEMP.  PSI 
150°F  - 1965 
200*F  - 1925 
250 °F  - 1885 


300 °F  - 1845 


TEMP.  PSI 


350°F  - 1810 
400°F  - 1770 


450 °F  - 1735 


All  burton  is  Mm  csnManMal  prtRwHr  •*  Ak  PreAxH  «mmI 

CImmIcsIs,  Im.,  vNku  smthcr  iumi  H tltewA,  it  tub {•<«  lo  rofum  mm  Mt* 
mwn4  m*4  mutt  no I bo  MhckitM  tr  wprtMstsM  without  pH or  utils  cshmh*. 
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DESIGN  ENGINEERING  STANDARDS 

570  PIPING  cs  36 

-20°F  TO  +100 °F  3600  PSIG  MAX  ONG 


578.10.6 

Page  1 


CARBON  STEEL 


PIPE 

1/4"  thru  1/2" 
1/4"  thru  1/2" 
3/4"  thru  6" 

FITTINGS 

1/2"  and  sailer 

2"  and  sailer 

2 1/2"  thru  6" 

FLANGES 
All  sizes 

BOLTING 
All  sizes 


GASKETS 


All  sizes 


VALVES 

GATE 

3/4"  and  smaller 


DESCRIPTION 

SPECIFICATION 

XH  Seamless,  Threaded  Ends 

ASTM  A53  Gr  B 

XH  Seamless,  Plain  Ends 

ASTM  A53  Gr  B 

Sch.  160  Seamless, 
Plain  Ends 

ASTM  A53  Gr  B 

6000#  Forged  Steel, 
Threaded  Ends 

ASTM  A105  Gr  2 

Sch.  160  Forged  Steel, 
Socket  Weld  Ends 

ASTM  A105  Gr  2 
ASA  B16.11 

Sch.  160  Wrought  Steel, 
Buttweld  Ends 

ASTM  A234  WPB 
ASA  B16.9 

1500#  Forged  Steel,  RTJ, 
Welding  Neck 

ASTM  A105  Gr  2 
ASA  B16.5 

Studs,  Alloy  Steel,  Full  Thd. 
Nuts,  Carbon  Steel,  Hex 

ASTM  A193  Gr  B7 
ASTM  A194  Gr  2H 
APCI  579.2.2 

Ring  Joint,  Low  Carbon  Steel, 
Oval,  Max.  Brinell  90 

ASA  B16.20 

1500#  Forged  Steel, 
Socket  Weld  Ends 

V-75B 

1"  thru  2" 


1500#  Forged  Steel, 
Socket  Weld  Ends 


V-91B 


,3  10.6 

S age  2 CS  36 

$ GENERAL  SERVICE 


DESIGN  ENGINEERING  STANDARDS 

$70  PIPING 

-20 °F  TO  +100 °F  3600  PSIG  MAX  OWG  CARBON  STEEL 


DESCRIPTION 


SPECIFICATION 


VALVES  (Cont'd) 
GATE  (Cont'd) 

2 1/2"  thru  6" 


2 1/2"  thru  6" 


GLOBE 


1500#  Cast  Steel, 
Buttweld  Ends 

1500#  Cast  Steel,  RTJ 
Flanged  Ends 


V-161C 


V-161H 


3/4"  and  smaller 


1"  thru  2" 


2 1/2"  thru  6" 


2 1/2"  thru  6" 


ANGLE 


! 3/4"  and  smaller 


1"  thru  2" 


1500#  Forged  Steel, 
Socket  Weld  Ends 

1500#  Forged  Steel, 
Socket  Weld  Ends 

1500#  Cast  Steel, 
Buttweld  Ends 

1500#  Cast  Steel,  RTJ 
Flanged  Ends 


1500#  Forged  Steel, 
Socket  Weld  Ends 

1500#  Forged  Steel, 
Socket  Weld  Ends 


V-593B 


V-601B 


V-661C 


V-661H 


V-1064B 


V-1101B 


CHECK 

3/4"  and  smaller 


1"  thru  2" 


15000  Forged  Steel,  Piston 
Socket  Weld  Ends 

1500#  Forged  Steel,  Piston, 
Socket  Weld  Ends 


V-1581B 


V-1582B 


2 1/2"  thru  6" 


2 1/2"  thru  6" 


150C#  Cast  Steel,  Swing, 
Buttweld  Ends 

1500#  Cast  Steel,  Swing, 
RTJ,  Flanged  Ends 


V-1661C 


V-1661H 


AH  InlttimuHam 
CkMikoti,  Inc.,  « 
mm#  mn4  nutl  n 


1 c— X— HgI  pwpHy  •#  Air  N#mI»  m#  Dot* 

r muni  is  aWwn.  h »A(n>  •»  Nton  m A* 
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PRESSURE  RATING  TABLES  - PLAIN  AND  THREADED  ENDS  - STAINLESS  STEEL  PIPE 

1.  PURPOSE 


The  purpose  erf  this  standard  is  to  provide  the  Maximum  Allowable  Pressure 
for  stainless  steel  pipe  with  plain  ends  and  threaded  ends. 

2.  SCOPE 

This  standard  encompasses  stainless  steel  pipe  made  according  to  ASTM 
specifications  A312  TP304. 

3.  MATERIAL  SPECIFICATIONS 

The  following  material  specifications  apply  to  the  pipe  described  herein: 
A.  MATERIAL  DESCRIPTION  IPS  SIZE  RANGE 

(1)  FIFE  SMLS  STSTL  1/8"  thru  12" 

(2)  FIFE  IGW  STSTL  1/8"  thru  12" 

4.  ALLOWABLE  STRESS  VALUE 


The  allowable  stress  values  for  the  material  described  in  this  standard 
are  based  on  the  ASA  B31.3  American  Standard  Code  for  Pressure  Piping, 
Petroleum  Refinery  Piping,  Table  302. 3. 1A  and  302. 3. IB. 

A.  MATERIAL  DESCRIPTION  ALLOWABLE  STRESS  VALUE 


(1)  PIPE  SMIE  ASTM  A312  TP304  18,750  PSI 

(2)  PIPE  IGW  ASTM  A312  TP304  15,000  PSI 


5.  MAXIMUM  ALLOWABLE  PRESSURE 


The  maximum  allowable  pressure  for  the  pipe  is  based  on  the  following 
formula  from  ASA  B31.3  1959  American  Standard  Code  for  Pressure  Piping, 
Petroleum  Refinery  Piping,  Para.  304.1.2. 

A . Formula : 


p - 2S  (t.-C)  P = Maximum  Allowable  Pressure,  PSI 

D-0.8  (tjjj-C)  S = Maximum  Allowable  Hoop  Stress  from  4A 

D = O.D.  of  pipe  listed  in  standard  pipe 
specifications 

tm  = Maximum  wall  thickness  as  specified 
by  above  code 

C = 0.0  for  plain  end  pipe 
C * Depth  of  thread  or  0.05  whichever  is 
greater. 


A CA&mca/t 


All  information  horoon  is  Iho  confldontiol  properly  of  Air  Product*  ond 
Chomicots,  I oc.,  vnloss  another  source  is  shown,  is  subioct  to  rotvrn  on  do* 
mand  ond  must  not  bo  diodosod  or  roprodocod  without  prior  wrHton  eonsont. 
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DESIGN  ENGINEERING  STANDARDS 

570  PIPING 


PRESSURE  RATING  TABUS  - SEAMLESS,  PLAIN  ENDS  - STAINLESS  STEEL  PIPE 


WEIGHT 

NON. 

O.D. 

NOM. 

MIN. 

MAX 

LBS. 

MATERIAL 

OR 

SIZE 

WALL 

WALL 

PSI 

PER 

CODE 

SCH. 

(t) 

(tj 

FT. 

NUMBER 

5S 

1/8" 

.U05 

.035 

.0306 

3104 

.1383 

1-552-69- 

10S 

.OU9 

.OU28 

U329 

.186 

1-552-69-0016 

UOS 

.068 

.0595 

6072 

.245 

1-552-69-0034 

80S 

.095 

.0831 

9205 

.314 

1-552-69-0052 

5S 

1/U" 

.5U0 

.0U9 

.OU28 

3173 

.2570 

1-552-69- 

10S 

.065 

.0568 

4307 

.330 

1-552-69-0017 

UOS 

.088 

.077 

6034 

.425 

1-552-69-0035 

80S 

.119 

.10U1 

8546 

• 535 

1-552-69-0053 

5S 

3/8" 

.675 

.0U9 

.0U28 

2505 

.3276 

1-552-69- 

10S 

.065 

.0568 

3383 

.423 

1-552-69-0018 

Uos 

.091 

.0796 

4883 

.568 

1-552-69-0036 

80S 

.126 

.1102 

7041 

.739 

1-552-69-0054 

5S 

1/2" 

.840 

.065 

.0568 

2680 

.4139 

1-552-69-0001 

10S 

.083 

.0726 

3483 

.671 

1-552-69-0019 

Uos 

.109 

.0953 

4690 

.851 

1-552-69-0037 

80S 

.1U7 

.1286 

6550 

1.088 

1-552-69-0055 

5S 

3/U" 

1.050 

.065 

.0568 

2122 

.634 

1-552-69-0002 

10S 

.083 

.0726 

2745 

.857 

1-552-69-0020 

UOS 

.113 

.0988 

3820 

1.131 

1-552-69-0038 

80S 

.15U 

.13U7 

5370 

1.474 

1-552-69-0056 

5S 

1" 

1.315 

.065 

.0568 

1680 

.868 

1-552-69-0003 

10S 

.109 

.0953 

2887 

1.806 

1-552-69-0021 

UOS 

.133 

.1163 

3580 

l.(>79 

1-552-69-0039 

80S 

.179 

.1566 

4940 

2.172 

1-552-69-0057 

5S 

1 1/2" 

1.900 

.065 

.0568 

1149 

1.274 

1-552-69-0005 

10S 

.109 

.0953 

1961 

2.085 

1-552-69-0023 

Uos 

.1U5 

. 1268 

2650 

2.718 

1-552-69-OOUl 

80S 

.200 

.175 

3730 

3.632 

1-552-69-0059 

53 

2" 

2.375 

.065 

.0568 

915 

1.604 

1-552-69-0006 

10S 

.109 

.0953 

1556 

2.638 

1-552-69-0024 

Uos 

.15U 

.13U7 

2230 

3.653 

1-552-69-0042 

80S 

.218 

.1907 

3220 

5.022 

1-552-69-0060 

5S 

2 1/2" 

2.875 

.083 

.0726 

967 

2.475 

1-532-69-0007 

10S 

.120 

.105 

i4io 

3.531 

1-552-69-0025 

uos 

.203 

.1776 

2440 

5.793 

1-552-69-0043 

80S 

.276 

.2515 

3380 

7.662 

1-552-69-0061 

Ciettuca& 


All  Information  haraon  It  tha  confldonHol  proparty  a I Air  Products  and 
ChomlcoU,  Inc.#  onlast  onothor  taurca  is  shown.  Is  *uh|act  to  raforn  on  da* 
mo nd  and  most  not  ba  disclosed  or  roprodocad  without  prior  writton  contort. 
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PRESSURE  RAZING  TABLES  - SEAMLESS,  PLAIN  END  - STAINLESS  STEEL  PIPE 


WEIGHT 

NON. 

O.D. 

NOM. 

MIN. 

MAX 

LBS. 

MATERIAL 

OR 

SIZE 

WALL 

WAIL 

PSI 

PER 

CODE 

SCH. 

(t) 

(tj 

FT. 

NUMBER 

58 

3" 

3-500 

.083 

.0726 

791 

3-029 

1-552-69-0008 

10S 

.120 

.105 

1153 

U.332 

1-552-69-0026 

UOS 

.216 

.189 

2120 

7.576 

1-552-69-oouu 

60S 

.300 

.2625 

3000 

10  25 

1-552-69-0062 

5S 

U" 

U.500 

.083 

.0726 

613 

3.915 

1-552-69-0010 

108 

.120 

.105 

892 

5.613 

1-552-69-0028 

UOS 

.237 

.2073 

1800 

10.79 

1-552-69-00U6 

60S 

.337 

.29U8 

2600 

1U.99 

1-552-69-006U 

58 

6" 

6.625 

.109 

.0953 

5U1 

7.585 

1-552-69-0012 

108 

.13U 

.1172 

673 

9.289 

1-552-69-0030 

UOS 

.280 

.2U5 

IU30 

18.97 

1-552-69-00U8 

80S 

.U32 

.378 

2250 

28.58 

1-552-69-0066 

5S 

8“ 

8.625 

.109 

.0953 

Ul8 

9.91^ 

1-552-69-0013 

103 

.iue 

.1295 

570 

13.  uo 

1-552-69-0031 

UOS 

.322 

.2817 

1260 

28.55 

1-552-69-00U9 

80S 

.500 

.U375 

1990 

U3.U 

1-552-69-0067 

5S 

10" 

10.750 

.13U 

.1172 

U12 

15.19 

1-552-69-ooiu 

10S 

.165 

.IUU3 

510 

18.65 

1-552-69-0032 

UOS 

.365 

.3193 

1150 

U0.80 

1-552-69-0050 

80S 

.500 

.U375 

1580 

5U.7 

1-552-69-0068 

5S 

12" 

12.750 

.165 

.IUU3 

U29 

22.16 

1-552-69-0015 

10S 

.180 

.1575 

U68 

2U.16 

1-552-69-0033 

U08 

.375 

.3281 

990 

U9.56 

1-552-69-0051 

60S 

.500 

•U375 

1330 

65.  U 

1-552-69-0069 

All  information  Norton  It  the  confidential  property  of  Air  Products  and 
Chemicals,  Inc.,  unless  another  source  is  shown,  is  sub|ect  to  return  on  de- 
mand and  must  not  be  disclosed  or  reproduced  without  prior  written  consent. 
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576.30.1  DESIGN  ENGINEERING  STANDARDS 

Page  b 570  PIPING 

PRESSURE  RATING  TABUS  - SEAMLESS,  THREADED  ENDS  - STAINLESS  STEEL  PIPE 


WEIGHT 

NON. 

O.D. 

NON. 

MIN. 

MAX. 

MATERIAL 

OR 

SIZE 

WALL 

WALL 

PSI 

CODE 

SCR. 

(t) 

(t*) 

NUMBER 

bOS 

1/8” 

.b05 

.068 

.059 

8b7 

l-5'2-69-003b 

80S 

.095 

.983 

3268 

1-552-69-0052 

bOS 

l/b" 

• 5b0 

.088 

.077 

1953 

1-552-69-0035 

80S 

.119 

.10b 

b076 

1-552-69-0053 

bos 

3/8" 

3 

vn 

.091 

.079 

1668 

1-552-69-0036 

80S 

.126 

.no 

3588 

l-552-69-005b 

bOS 

1/2" 

.8bO 

.109 

.095 

1760 

1-552-69-0037 

80S 

.lb7 

.128 

3399 

1-552-69-0055 

bOS 

*3/b" 

1.030 

.113 

.099 

15b9 

1-552-69-0038 

80S 

.15b 

.13b 

2921 

1-552-69-0056 

bOS 

r 

1.315 

.133 

.116 

1361 

1-552-69-0039 

80S 

.179 

.156 

2600 

1-552-69-0057 

bOS 

1 1/2" 

1.900 

.lb5 

.127 

1161 

l-552-69-00bl 

80S 

.200 

.175 

2177 

1-552-69-0059 

bOS 

2" 

2.375 

.15b 

.135 

1039 

l-552-69-00b2 

80S 

.218 

.190 

1981 

1-552-69-0060 

A 7\ocbc&  a**/  Ciemteau 


Dot* 

May,  1962 


All  information  Horton  If  tHo  confidential  property  of  Air  Products  and 
Chomlcols,  Inc.,  ynlott  another  • oorco  If  shown.  Is  s u b|*ct  to  return  on  de- 
mand and  mutt  not  be  dit dated  or  reproduced  without  prlur  written  content. 
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570  PIPING 


578.30.1 
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PRESSURE  RATING  TABLES  - IGW  PLAIN  ENDS  - STAINLESS  STEEL  PIPE 


WEIGHT 

NCM. 

O.D. 

NCM. 

MIN. 

MAX 

IBS. 

MATERIAL 

OR 

SIZE 

WALL 

WAIL 

PSI 

PER 

CODE 

SCH. 

(t) 

(t.) 

FT. 

NUMBER 

5S 

1/8" 

.U05 

.035 

.0306 

2U12 

.1383 

1-55U-69- 

106 

.0U9 

.0U28 

3^3 

.186 

1-55U-69-0016 

UOS 

.068 

.0595 

U99U 

.2U5 

1-55U-69-003U 

60S 

•095 

.0831 

736U 

• 3lU 

1-55U-69-0052 

5S 

iA" 

.540 

.OU9 

.0U28 

2539 

.2570 

1-554-69- 

10S 

.065 

.0568 

3UU5 

.330 

1-55U-69-0017 

40S 

.088 

.077 

U 829 

.U25 

1-554-69-0035 

80S 

.119 

.10U1 

6838 

.535 

1-55U -69-0053 

53 

3/8" 

.$75 

.0U9 

.0U28 

200U 

.3276 

1-55U-69- 

10S 

.065 

.0568 

2707 

.U23 

1-554-69-0018 

uos 

.091 

.0796 

3906 

.568 

1-554-69-0036 

80S 

. 126 

.1102 

563U 

.739 

1-554-69-00 5U 

53 

1/2" 

.8U0 

.065 

.0568 

21UU 

.^139 

I-554-69-OOOI 

10S 

.083 

.0726 

2785 

.671 

I-55U-69-OOI9 

uos 

.109 

.0953 

37U3 

.851 

1-55U-69-0037 

80S 

. 1U7 

.1286 

523U 

1.088 

1-554-69  0055 

5S 

3/U" 

I.050 

.065 

.0568 

1696 

.63U 

I-554-69-OOO2 

10S 

.083 

.0726 

2196 

.857 

I-554-69-OO20 

uos 

.113 

.0988 

3053 

1.131 

I-554-69-OO38 

80S 

.15U 

.13U7 

U289 

1.U7U 

I-554-69-OO56 

5S 

1" 

1.315 

.065 

.0568 

13U2 

.868 

I.554-69-OOO3 

10S 

.109 

.0953 

2307 

1.806 

I-55U-69-OO21 

uos 

.133 

.1163 

2855 

1.679 

I-55U-69-OO39 

80S 

.179 

.1566 

39U8 

2.172 

1-554-69-0057 

5S 

1 1/2" 

1.900 

.065 

.0568 

919 

1.274 

I-55U-69-OO05 

10S 

.109 

.0953 

1568 

2.085 

1- 55 u -69-0023 

Uos 

• lU5 

.1268 

2115 

2.718 

1-55U-69-0041 

80S 

.200 

• 175 

2982 

3.632 

1-554-69-0059 

5S 

2" 

2.375 

.065 

.0568 

731 

1.6GU 

I-554-69-OOO6 

10S 

.109 

.0953 

12UU 

2.638 

1-554-69-002U 

Uos 

.15U 

.13U7 

1782 

3*653 

l-554-69-0042 

80S 

.218 

.1907 

257U 

5.022 

1-554-69-0060 

5S 

2 1/2" 

2.875 

.083 

.0726 

773 

2.U75 

1-554-69-0007 

10S 

.120 

.105 

1129 

3.531 

1-554-69-0025 

Uos 

.203 

.1776 

1950 

5.793 

1-554-69-0043 

80S 

.276 

.2515 

2822 

7.662 

1-554-69-0061 

A otU  Chwca/i 


Alt  infomiolloR  hereon  It  the  confidential  property  of  Air  Product*  and 
Chemical*,  lac.,  units*  another  source  I*  shown,  I*  subject  to  return  on  de- 
mand and  must  not  be  disclosed  or  reproduced  without  prior  written  consent. 
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DESIGN  ENGINEERING  STANDARDS 

570  PIPING 


PRESSURE  RATING  TABLES  - IGW  PLAIN  ELDS  - STAINLESS  STEEL  PIPE 


WEIGHT 

HON. 

O.D. 

NOM. 

MIN. 

MAX 

IBS. 

MATERIAL 

OR 

SIZE 

WALL 

WALL 

PSI 

PER 

CODE 

SCH. 

(t) 

(t*> 

FT. 

NUMBER 

58 

3” 

3*500 

.083 

.0726 

633 

3*029 

1.554-69-0008 

108 

.120 

.105 

922 

4.332 

1-554-69-0026 

408 

.216 

.189 

1693 

7-576 

1-554-69-0044 

80S 

.300 

.2625 

2393 

10.25 

1-554-69-0062 

58 

UM 

4.500 

.083 

.0726 

490 

3*915 

1-554-69-0010 

108 

.120 

.105 

7’ 3 

5*613 

1.554.69-0028 

Uos 

.237 

.2073 

1435 

10.79 

1-554-69-0046 

80S 

.33 7 

.2948 

2074 

14.99 

1-554-69-0064 

5S 

6" 

6.625 

.109 

.0953 

437 

7*585 

1-554-69-0012 

108 

*134 

.1172 

538 

9.289 

I-554-69-OO3O 

U08 

.280 

.245 

1443 

18.97 

1-554-69-0048 

80S 

.U32 

.378 

1794 

28.58 

1-554-69-0066 

58 

8" 

8.625 

.109 

.0953 

334 

9*914 

1-554-69-0013 

ICS 

.148 

.1295 

456 

13.40 

1-554-69-0031 

uos 

.322 

.2817 

1006 

28.55 

1-554-69-0049 

80S 

.500 

.4375 

1586 

43.4 

I.554-69-OO67 

5S 

10” 

10.750 

134 

.1172 

330 

15-19 

1-554-69-0014 

108 

.165 

.1443 

407 

18,65 

I-554-69-OO32 

Uos 

.365 

.319" 

913 

40.80 

1-554-69-0050 

80S 

.500 

.4375 

1262 

54.7 

1-554-69-0068 

58 

12" 

12.750 

.165 

.1443 

342 

22.18 

1-554-69-0015 

10S 

.180 

.1575 

374 

24.16 

1-554-69-0033 

Uos 

.375 

.3281 

788 

49.56 

1-554-69-0051 

60S 

.500 

.4375 

1059 

65.4 

1-554-69-0069 

'ftetbetl  m/  (%»tntea& 

•»< 


All  InfarmaHaa  Haraon  It  tli«  taaftdaaiial  fw*M*V  •*  Air  Fradwtis  and 
CliaaiicaU,  lae.,  uniat*  anathar  t«vre«  Is  shawn,  la  w>tid  ta  rat urn  aa  da- 
rn and  and  most  aat  ba  ditdoftad  ar  rapradwcad  wltbavt  »rfar  wrlttaa  caataat. 


Oofa 

May,  1962 
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PRESSURE  RATING  TABLES  - IGW  THREADED  BIDS  - STAINLESS  STEEL  PIPE 


WEIGHT 

NON. 

O.D. 

NCM. 

MIN. 

MAX 

MATERIAL 

OR 

SIZE 

WALL 

MAIL 

PSI 

CODE 

SCH. 

(t) 

(ta) 

NUMBER 

LOS 

1/8" 

.L05 

.068 

•059 

680 

1-55L-69-003L 

60S 

.095 

.983 

2615 

1-55L-69-0052 

Los 

1/L" 

• 5L0 

.088 

.077 

1562 

1-55L-69-0035 

60S 

.119 

.10L 

3261 

1-55L-69-0053 

Los 

3/8" 

•675 

.091 

.079 

133L 

1-55L-69-0036 

60S 

.126 

.110 

2871 

I-554.69-OO5L 

LOS 

1/2" 

«6Lo 

.109 

.095 

1L07 

1-55L-69-0037 

80S 

.IL7 

.126 

2719 

1-55L-69-0055 

LOS 

3A" 

1.050 

.113 

.099 

1239 

1-55L-69-0038 

60S 

.15L 

.13L 

2336 

1-55^-69-0056 

LOS 

1" 

1.315 

.133 

.116 

1088 

1-55^-69-0039 

60S 

.179 

.156 

2080 

1-554-69-0057 

40S 

1 1/2" 

1.900 

.1L5 

.127 

929 

1-55L-69-00L1 

60S 

.200 

• 175 

17L1 

1-55L-69-0059 

LOS 

2" 

2.375 

.15L 

.135 

832 

1-554-69-0042 

60S 

.218 

.190 

158L 

1-55^-69-0060 

A 

1 

am/  Chmtoa£* 

l«( 

AM  information  horoon  1*  the  confidential  property  of  A»»  Product*  and 
Chemical*,  ln«.,  unless  onofher  lourct  it  shown,  it  r'bjed  to  return  on  de- 
mand and  matt  not  bo  disclosed  or  reproduced  without  priftr  written  consent. 
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May,  ] 

DESIGN  ENGINEERING  STANDARDS 
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578.30.2 
Page  1 


COLD  BOX  SERVICE  +100°F  & BELOW  275  PSIG  MAX  OWG  STAINLESS  STEEL  PIPE 


ITEM 
PIPE 

l/P"  thru  3/8" 

1/2"  thru  1" 

2"  and  smaller 

2 1/2"  thru  12" 

FITTINGS  (See  Note  5) 
3/4"  and  smaller 

2"  and  smaller 
2 1/2"  thru  12" 
UNIONS 

3/4"  and  smaller 

1 1/2"  and  smaller 

FLANGES 
2"  thru  12" 


DESCRIPTION 


Sch.  80S,  IG  Welded, 

Threaded  Ends  (Instrument 
Connections  Only  - See  Note  4) 

Sch.  40S,  IG  Welded, 

Threaded  Ends  (Instrument 
Connections  Only  - See  Note  4) 

Sch.  10S,  IG  Welded, 

Plain  Ends 

Sch.  5S,  IG  Welded, 

Plain  Ends 


2000#  Forged,  Screwed  Ends, 
Warm  Zone  Only  (Instrument 
Connections  Only  - See  Note  4) 

Sch.  10S  Wrought,  Long 
Tangent  Type  with  Belled  Ends 

Sch.  5S,  Wrought, 

Buttweld  Ends 


2000#,  Forged,  Ground  Joint, 
Screwed  Ends,  Warm  Zone  Only 
(Instrument  Connections  Only  - 
See  Note  4) 

Sch.  40S,  Forged,  Ground  Joint, 
Socket  Weld  Ends 


150#  Forged,  1/16"  Raised 
Face,  Welding  Neck,  Bore  for 
Schedule  of  Pipe 


SPECIFICATION 

ASTM  A312  Tp  304 

ASTM  A312  Tp  304 

ASTM  A312  Tp  304 
ASTM  A312  Tp  304 

ASTM  A182  Gr  F304 

ASTM  A403  WP304L 
ASTM  A403  WP304L 

ASTM  A162  Gr  F304 


ASTM  A182  Gr  F304 
ASA  B16.11 


ASTM  A182  Gr  F304 
ASA  B16.5 


#*« 


All  afanaoNtn  hereon  It  Iht  cenfHentlal  #rtptrly  tf  Air  Products  and 
Chemicals,  Inc.,  unless  another  source  It  shown.  Is  suh|ect  to  return  on  de- 
mand and  most  not  bo  disclosed  or  reproduced  without  prior  written  consent. 


Date 
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578.30.2  DESIGN  ENGINEERING  STANPARDS 

Page  2 SS  2.7  570  PIPING 


COLO  BOX  SERVICE 

+100 °F  k BELOW  275  PSIG  MAX  OWG 

STAINU2SS  STEEL  PIPE 

ITEM 

DESCRIPTION 

SPECIFICATION 

BOLTING 

All  Sizes 

Studs,  Full  Thd.,  STSTL,  Tp  304 
Nuts,  Hex,  STSTL,  Tp  321 
(Alternate  STSTL  Tp  316) 

ASTM  A3 20  Sym  B8 
ASTM  A194  Sym  8T 
A PCI  579.2.2 

GASKETS 

All  Sizes 

Ring,  Compressed  Asbestos 
1/16"  thick 

ASA  B16.21 
APCI  579.2.3 

VALVES 

GATE 

1"  and  smaller 

150#  Cast  STSTL,  Type  304, 
Screwed,  Warm  Zone  Only 

V-243A 

2"  and  smaller 

150#  Cast  STSTL,  Type  304, 
Socket  Weld  Ends 

V-243B 

2"  and  smaller 

Same  - Extended  Bonnet 

EBV-243B 

2 1/2"  thru  12” 

150#  Cast  STSTL,  Type  304, 
Buttweld  Ends 

V-243C 

2 1/2"  thru  12" 

Same  - Extended  Bonnet 

EBV-243C 

GLOBE 

1'  and  smaller 

150#  Cast  STSTL,  Type  304, 
Screwed,  Warm  Zone  Only 

V-743A 

2”  and  smaller 

150#  Cast  STSTL,  Type  304, 
Socket  Weld  Ends 

V-743B 

2"  and  smaller 

Same  - Extended  Bonnet 

EBV-743B 

2 1/2"  thru  12" 

150#  Cast  STSTL,  Type  304, 
Buttweld  Ends 

V-743C 

2 1/2"  thru  12" 

Sane  - Extended  Bonnet 

EBV-743C 

a AH  information  horoon  is  tho  confidential  property  of  Air  Product!  and  Dote 

/\  7&ot6t&  omI  Chumicol*,  Inc.,  unless  another  source  is  shown.  Is  subject  to  return  on  do- 

i 

| maim  ana  man  nai  aa  annvaav  or  npraavsaa  wimaar 
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COLD  BOX  SERVICE 

+100 °F  & BELCW  275  PSIG  MAX  0WG 

STAINLESS  STEEL  PIPE 

ITEM 

DESCRIPTION 

SPECIFICATION 

VALVES  (Cont'd) 

ANGIE 

1"  and  smaller 

150#  Cast  STSTL,  Type  304, 
Screwed,  Warm  Zone  Only 

V-1243A 

2"  and  smaller 

150#  Cast  STSTL,  Type  304, 
Socket  Weld  Ends 

V-1243B 

2"  and  smaller 

Same  - Extended  Bonnet 

EBV-1243B 

2 1/2"  thru  12" 

150#  Cast  STSTL,  Type  304, 
Buttweld  Ends 

V-1243C 

2 1/2"  thru  12" 

Same  - Extended  Bonnet 

EBV-1243C 

CHECK 

1"  and  smaller 

150#  Cast  STSTL,  Type  304, 
Swing,  Screwed,  Warm  Zone  Only 

V-1742A 

2"  and  smaller 

150#  Cast  STSTL,  Type  304, 
Swing,  Socket  Weld  Ends 

V-1742B 

2 1/2"  thru  12" 

150#  Cast  STSTL,  Type  304, 
Swing,  Buttweld  Ends 

V-1742C 

GLOBE  (FOR  PRESSURE  GAUGE  L INSTRUMENT  SHUT-OFF) 

1/4"  and  1/2" 

400#  CWG  Bronze,  Needle  Type, 
Screwed  Ends,  (Warm  Zone  Only) 

V-2011A 

NOTE:  1.  Bills  of  Material  ntust  specify  bore  for  buttweld  end  valves 

and  welding  neck  flanges. 

2.  The  use  of  bends  to  replace  ells  will  be  permitted  where 
3ound  judgment  indicates  an  application  on  sizes  up  to 
and  including  4".  For  detail  bend  radius  data  see  Design 
Engineering  Standard  578.30.1.1. 

A 


a*/  tUtmiea/i 


AU  iofonnoHon  hartto  it  lira  canftdontiol  property  Gf  Air  Mtcli  mm4 
Chemical  t,  Inc.,  wfilttt  onothf  tturci  It  thowii,  it  i«b|K«  «•  return  mm  A* 
maud  and  mutt  not  bt  dltdotad  or  reproduced  orithoof  prior  writton  contort. 
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COLD  BOX  SERVICE  +100 °F  & BELOW  615  P5IG  MAX  CWG  STAINIESS  STEEL  PIPE 


ITEM 
PIffi 

1/8"  thru  3/8" 

1/2"  and  3/4" 

4"  and  smaller 

6"  thru  12" 

FITTINGS  (See  Note  5) 
3/4"  and  smaller 

2"  and  smaller 

2"  (TEES) 

2 1/2"  thru  4" 

6"  thru  12" 

UNIONS 

3/4"  and  smaller 
1 1/2"  and  smaller 


DESCRIPTION 


Sch.  80S,  IG  Welded, 

Threaded  Ends  (Instrument 
Connections  Only  - See  Note  4) 

Sch.  40S,  IG  Welded, 

Threaded  Ends  (Instrument 
Connections  Only  - See  Note  4) 

Sch.  10S,  IG  Welded, 

Plain  Ends 

Sch.  40S,  IG  Welded, 

Plain  Ends 


2000#,  Forged,  Screwed  Ends, 

Warm  Zone  Only  (Instrument 
Connections  Only  - See  Note  4) 

Sch.  10S  Wrought,  Long  Tangent 
Type  with  Belled  Ends  (2"  Belled 
Tees  are  not  permitted) 

Sch.  40S,  Forged, 

Socket  Weld  Ends 

Sch.  10S,  Wrought, 

Buttweld  Ends 

Sch.  40S,  Wrought, 

Buttweld  Ends 


200G#,  Forged,  Ground  Joint, 
Screwed,  Warm  Zone  Only 
(Instrument  Connections  Only  - 
See  Note  4) 

Sch.  40S,  Forged,  Ground  Joint, 
Socket  Weld  Ends 


SPECIFICATION 

ASTM  A312  Tp  304 

ASTM  A312  Tp  304 

ASTM  A312  Tp  304 
ASTM  A312  Tp  304 

ASTM  A182  Gr  F304 

ASTM  A403  WP304L 

ASTM  A182  Gr  F304 
ASA  B16.11 

ASTM  A403  WP304 
ASTM  A403  WP304 

ASTM  A182  Gr  F304 


ASTM  A182  Gr  F304 
ASA  B16.11 


A W GUmtcaA 


All  Information  htrton  It  Hit  confidential  proparty  of  Air  broductt  and 
Chtmkolt,  Inc.,  onlott  onotkor  tovrca  It  shown.  It  tabled  to  rotorn  on  do- 
mond  endmatf  not  bo  disclosed  or  reprodoced  wttheet  prior  * titan  content. 
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DESIGN  ENGINEERING  STANDARDS 

570  PIFINC 

| COLD  BOX  SERVICE 

+100°F  & BELOW  615  P5IG  MAX  CIWG 

STAINLESS  STEEL  PIPE 

ITEM 

DESCRIPTION 

SPECIFICATION 

FLANGES 

2"  thru  12" 

30Q#  Forged,  1/16"  Raised  Face, 
Welding  Neck,  Bore  for  Sch.  of  Pipe 

ASTM  A182  Gr  F304 
ASA  B16.5 

BOLTING 

All  Sizes 

Studs,  Full  Thd.,  STSTL,  Tp  304 
Nuts,  Hex,  STSTL,  Tp  321 
(Alternate  STSTL  Tp  316) 

ASTM  A3 20  Sym  B8 
ASTM  A194  Sym  8T 
APCI  579.2.2 

GASKETS 

Ring,  Compressed  Asbestos, 
1/16"  thick 

ASA  B16.21 
APCI  579.2.3 

VALVES 

GATE 

3/4"  and  smaller 

30Q#  Cast  STSTL,  Type  304, 
Screwed,  Warm  Zone  Only 

V-253A 

2"  and  smaller 

300#  Cast  STSTL,  Type  304, 
Socket  Weld  Ends 

V-253B 

2"  and  smaller 

Same  - Extended  Bonnet 

EBV-253B 

2 1/2"  thru  12" 

300#  Cast  STSTL,  Type  304, 
Buttweld  Ends 

V-253C 

2 1/2"  thru  12" 

Same  - Extended  Bonnet 

EBV-253C 

GLOBE 

3/4"  and  smaller 

300#  Cast  STSTL,  Type  304, 
Screwed,  Wa?  Zone  Only 

V-751A 

2"  and  smaller 

300#  Cast  STSTL,  Type  304, 
Socket  Weld  Ends 

V-751B 

2"  and  smaller 

Same  - Extended  Bonnet 

EBV-751B 

2 1/2"  thru  8" 

300#  Cast  STSTL,  Type  304, 
Buttweld  Ends 

V-751C 

2 1/2"  thru  8" 

Same  - Extended  Bonnet 

EBV-751C 

A 


aU  (X$m£oa& 


All  InrNi)  l»  f«fliAnli«l  •#  Air  N*c»»  mn4 

ClMMilcvltf  Inc.*  vflten  tiiirtwr  twrct  It  th«wOr  *»  i»hM  I*  rtlwn  « A* 
m«nrf  mutt  ntf  A AultiA  tr  raprAvcA  wHktwf  prlw  wrtHia  cttttuf. 
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DESIGN  ENGINEERING  STANDARDS  578.30  3 

570  PIPING  SS  6 Page  3 


COLD  BOX  SERVICE  +100  °F  & BELOW  615  PSIG  MAX  CWG  STAINIESS  STEEL  PIPE 


VALVES  (Cont'd) 


DESCRIPTION 


SPECIFICATION 


ANGIE 


3/A"  and  smaller 


2"  and  smaller 


2"  and  smaller 
2 1/2"  thru  8" 


300 # Cast  STSTL,  Type  304, 
Screwed  Ends,  Warm  Zone  Only 

300#  Cast  STSTL,  Type  304, 
Socket  Weld  Ends 

Same  - Extended  Bonnet 

300#  Cast  STSTL,  Type  304, 
Buttweld  Ends 


2 1/2"  thru  8"  Same  - Extended  Bonnet 


CHECK 


3/4"  and  smaller 


2"  and  smaller 


2 1/2"  thru  12" 


300#  Cast  STSTL,  Type  304, 
Swing,  Screwed,  Warm  Zone  Only 

300#  Cast  STSTL,  Type  304, 
Swing,  Socket  Weld  Ends 

300#  Cast  STSTL,  Type  3C4, 
Swing,  Buttweld  Ends 


GLOBE  (FOR  PRESSURE  GAUGE  & INSTRUMENT  SHUT-OFF) 


1/4"  and  1/2" 


3000#  OWG,  Forged  STSTL, 
Type  304,  Screwed  Ends, 
(Warm  Zona  Only) 


V-1251A 


V-1251B 


EBV-1251B 

V-1251C 


EBV-1251C 


V-1751A 


V-1751B 


V-1751C 


V-719A 


NOTE:  1.  Bills  of  Material  must  specify  bore  for  buttweld  end  valves 

and  welding  neck  flanges. 

2.  The  use  of  bends  to  replace  ells  will  be  permitted  where 
sound  judgment  indicates  an  application  on  sizes  up  to 
and  including  4"-  For  detail  bend  radius  data  see  Design 
Engineering  Standard  578.30.1.1. 


A All  Information  hereon  It  the  confidential  property  of  Air  Prodecft  and 

Tioa itcfr  a*/  C/Umtcad#  Chemical*,  Inc.,  unices  another  source  ic  shown.  Is  twhfect  to  return  on  do-  I Q 

cnand  and  most  not  ho  disclosed  or  roprodoced  without  prior  wrltffon  consent.  I ”oV#  > 1/0/ 


578.30.3  DESIGN  ENGINEERING  STANDARDS 

Page  4 SS_6 570  PIPING 

COLD  BOX  SERVICE  +100°F  & BELOW  615  PSIG  MAX  OX  STAINLESS  STEEL  PIPE 

NOTE:  (Cont'd) 

3.  This  standard  can  be  used  for  temperatures  above  100 "T. 

The  maximum  PSI  for  elevated  temperatures  shall  be  as 
shown  in  the  table  below. 

TEMP.  PSI  TEMP.  PSI 

150 ''F  - 585  350^  - 470 

200 "F  - 550  400 °F  - 450 

25 0°F  - 520  450 °F  - 430 

300°F  - 4V5 

4.  Threaded  pipe  and  fittings  are  restricted  to  use  at  instruments, 
pressure  gauges,  pressure  taps,  and  safety  valve  connections  only. 

5.  In  sizes  6"  thru  12"  branch  connections  may  be  used  where  econom- 
ically justifiable.  Consult  with  piping  squad  leader  and  stress 
analyst  prior  to  their  use. 


All  information  horoon  it  tho  conMontiol  proporty  of  Air  ProdvcN  and 
ChomfcaU,  Inc.,  unlott  another  tovreo  It  thaw  a,  It  tabfacf  to  rotorn  on  de- 
mand and  mvtt  not  ho  ditdotod  or  re  produced  wHhoet  prior  orritton  content. 


A jr/tt  'PiodtcZt  an/  ChmieaU 
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DESIGN  ENGINEERING  STANDARDS 

57C  PIPING  SS  12 


578.30.4 
Pape  1 


COLD  BOX  SERVICE  +100 °F  & BELOW  1235  PSIG  MAX  OHG  STAINIESS  STEEL  FIFE 


ITEM 

PIPE 

1/S"  thru  3/8" 

1/  2"  and  3/4" 

2"  and  Smaller 
2 1/2"  thru  6" 
FITTIHGS 

3/4"  and  Smaller 
2"  and  Smaller 
2 l/2"  thru  6" 
UNIONS 

1 l/2"  and  Smaller 

FIANCES 
2"  and  Larger 

BOLTING 
All  Sizes 

GASKETS 
All  Sizes 


DESCRIPTION 


Sch.  SOS,  IG  Velded, 
Threaded  Ends 

Sch.  40S,  IG  Velded, 
Threaded  Ends 

Sch.  106,  IG  Velded, 
Plain  Ends 

Sch.  40S,  IG  Velded, 
Plain  Ends 


2000#  Forged,  Screwed  Ends, 
Warn  Zone  Only 

Sch.  40S,  Forged, 

Socket  Veld  Ends 

Sch.  40S,  Wrought, 

Buttweld  Ends 


Sch.  40S,  Forged,  Ground  Joint 
Socket  Veld  Ends 


600#  oi^ed,  1/4"  Raised  Face, 
Welding  Neck,  Bore  inside  to 
match  Schedule  of  Pipe 


Studs,  Full  Thd.,  STSTL,  Tp  304 
Nuts,  Hex,  STSTL,  Tp  321 
(Alternate  STSTL  Tp  316) 


Ring,  Compressed  Asbestos, 
1/16"  thick 


SPECIFICATION 

ASTM  A312  Tp  304 
ASTM  A312  Tp  304 
ASTM  A312  Tp  304 
ASTM  A312  Tp  304 

ASTM  A182  Gr  F304 


ASTM  A182  Gr  F304 
ASA  B16.11 

ASTM  A403  WP304 
ASA  B16.9 


ASTM  A182  Gr  F304 
ASA  B16.11 


ASTM  A 182  Gr  F304 
ASA  B16.5 


ASTM  A320  Sym  B8 
ASTM  A194  Sym  8T 


ASA  B16.21 


'faac&citi  a>U  Gbmua& 

**« 


All  IftfOTiatiGfi  htrttft  it  Ifct  ctnfldtfifftl  pr tptrty  tr  Air  and 

Chtmlctlt,  1st,  wfilGM  ontrtMr  itvrc«  It  tfetwt,  It  tvtytct  !•  »tltr«  •«  dt- 
raond  and  mt-tt  n tt  fet  dltcUttd  tr  rtpradacad  wKItawt  prltr  wriSttft  csMist. 
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578.30.4 
Pape  2 


SS  12 


DESIGN  ENGINEERING  STANDARDS 

570  PIPING  


COLD  BOX  SERVICE  +100°F  & BELOW  1235  PSIG  MAX  GMB 

STAINLESS  STEEL  PIPE 

ITEM 

DESCRIPTION 

SPECIFICATION 

VALVES 

GATE 

2"  and  Smaller 

600#  Cast  STSTL,  Type  304, 
Socket  Weld  Ends 

V-261B 

2"  and  Smaller 

Same  - Extended  Bonnet 

EBV-261B 

2 1/2"  thru  6" 

600#  Cast  STSTL,  Type  304, 
Buttweld  Ends 

V-261C 

2 1/2"  thru  6" 

Same  - Extended  Bonnet 

EBV-261C 

GLOBE 

2"  and  Smaller 

600#  Cast  STSTL,  Type  304, 
Socket  Weld  Ends 

V-761B 

i 

1 

2"  and  Smaller 

Same  - Extended  Bonnet 

EBV-761B 

2 1/2"  thru  6" 

600#  Cast  STSTL,  Type  304, 
Buttweld  Ends 

V-761C 

2 1/2"  thru  6" 

Sams  - Extended  Bonnet 

EBV-761C 

ANGLE 

2"  and  Smaller 

600#  Cast  STSTL,  Type  304, 
Socket  Weld  Ends 

V-1261B 

2"  and  Smaller 

Same  - Extended  Bonnet 

EBV-1261B 

2 1/2"  thru  6" 

600#  Cast  STSTL,  Type  304, 
Buttweld  Ends 

V-1261C 

.2  1/2"  thru  6" 

Same  - Extended  Bonnet 

EBV-1261C 

CHECK 

2"  and  Smaller 

600#  Cast  STSTL,  Type  304, 
Socket  Weld  Ends,  Swing 

V-1761B 

2 1/2"  thru  6" 

600#  Cast  STSTL,  Type  304, 
Swing,  Buttweld  Ends 

V-1761C 

W ChmtcaA 

All  information  Itoroon  It  the  conhdenrtol  property  o#  Air  Products  on# 
Chemicals,  Inc.,  vntiii  another  source  It  shewn,  !•  subject  to  rotorn  on  de- 
mand ondmoet  not  bo  dlscloeed  or  roprodwcod  without  prior  written  content. 
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DESIGN  ENGINEERING  STANDARDS 

570  PIPING 


SS  12 


COLD  BOX  SERVICE  +100°?  V BELOW  1235  PSIG  MAX  CMG  STAINLESS  STEEL  PIPE 


VALVES  (Coat'd) 
GLOBE  (FOR  PRESS 
1/4"  and  1/2" 


DESCRIPTION 


GAUGE  AND  INSTRUMENT  SHUT-OFF 


SPECIFICATION 


3000#  CMG  Forged  STSTL,  Type  304  V-719A 

Screwed  Ends,  (Warm  Zone  Only) 


NOTE:  1.  Bills  of  Material  must  specify  bore  for  buttweld  end 

valve  and  welding  neck  flanges. 

2.  The  use  of  bends  to  replace  ells  will  be  permitted  where 
sound  judgment  indicates  an  application  on  sizes  up  to 
and  including  4".  For  detail  bend  radius  data  see  Design 
Engineering  Standard  578.30.1.1. 

3.  This  standard  can  be  used  for  temperatures  above  100°F. 
The  maximum  PSI  for  elevated  temperatures  shall  be  as 
shown  in  the  table  below. 


TEMP. 

PSI 

TEMP^ 

PSI 

150WF 

- 1160 

350°F 

- 940 

200°F 

- 1095 

400°F 

- 90G 

250°F 

300°F 

- 1040 
- 985 

450#F 

- 860 

A All  infwaaHsii  Hsrtan  It  Him  ctnf  dtntial  prtptrty  af  Air  NtfacH  tad  

OLm&aA  Cfc*«lc«lt,  lac.,  uni  tat  analliar  laarca It  t INwb,  It  »«b|acl It  attvrn  aa  da*  ^ 1964 

•*«  mmnd  and  aititl  .it!  bt  dltcUttd  or  rapradtctd  wHhaiH  prlar  written  caimal, * 


DESIGN  ENGINEERING  STANDARDS  r7~  in  , 

570  nrar, ss  i?  Pare) 

COID  BOX  SERVICE  +100“  P & BELOW  1715  PSIG  MAX  OWG  STAINLESS  STEEL  PIPE 


Tim 

DESCRIPTION 

SPECIFICATION 

PIPE 

. 3/4"  and  Smaller 

Sch.  80S,  IG  Welded, 
Threaded  Ends 

ASTM  A312  TP  304 

1”  and  Smaller 

Sch.  10S,  IG  Welded, 
Plain  Ends 

ASTM  A312  TP  304 

1 1/2"  thru  2 1/2" 

Sch.  40S  IG  Welded, 
Plain  Ends 

ASTM  A312  TP  304 

3"  and  4 " 

Sch.  40S,  Seamless, 
'Plain  Ends 

ASTM  A312  TP  304 

6" 

Sch.  80S,  IG  Welded, 
Plain  Ends 

ASTM  A312  TP  304 

FITTINGS 

3 A"  and  Smaller 

20QQ#  Forged,  Screwed  Ends 
Warm  Zone  Only 

ASTM  Al82  Gr  F304 

2"  and  Smaller 

Sch.  40S,  Forged, 
Socket  Weld  Ends 

ASTM  A182  Gr  F304 
ASA  B16.11 

2 1/2"  thru  4" 

Sch.  40S,  Wrought, 

ASTM  A403  WP304 

Buttweld  Ends 

ASA  B16.9 

6" 

Sch.  80S,  Wrought, 
Buttweld  Ends 

ASTM  A403  WP304 
ASA  B16-9 

UNIONS 

1 1/2”  and  Smaller 

Sch.  40S,  Forged,  Ground  Joint 
Socket  Weld  Euds 

ASTM  A182  Gr  F304 
ASA  B16.11 

FLANGES 

2"  and  Larger 

900#  Forged,  l/4"  Raised  Face, 
Welding  Neck,  Bore  Inside  to 
match  Schedule  of  Pipe 

ASTM  A182  Gr  F304 
ASA  B16.5 

BOLTING 

All  Sizes 

Studs,  Full  Thd.,  STSTL,  Tp  304 
Nuts,  Hex,  STSTL,  Tp  321 
(Alternate  STSTL  Tp  316) 

ASTM  A3 20  Sym  B8 
ASTM  A194  Sym  8T 

A om(  QU*uca& 


All  informotion  htrmon  li  Ihi  confidential  ^ropiHy  of  Air  Product*  and 
Cftomtcoii,  file.,  vnlou  onotNor  tourco  it  shown,  ft  tuhjtd  ts  return  an  de- 
mand and  matt  nor  be  dUdoiod  or  reproduced  without  prior  wrHton  consont. 
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573.30.5  DESIGN  ENG  .JEERING  STANDARDS 

Pipe  3 33  ,1.7  570  PIPING 


COLD  BOX  SERVICE  +100 °F  & BELOW  1715  PSIG  MAX  OWG 

STAINLESS  STEEL  PIPE 

ITEM 

DESCRIPTION 

SPECIFICATION 

GASKETS 

All  Sls«8 

Ring,  Compressed  Asbestos, 
1/16"  thidc 

ASA  B16.21 

VALVES 

GATE 

2"  and  Smaller 

1715#  OWG  Forged  STSTL, 
Type  304,  Socket  Weld  Ends 

V-183B 

2"  and  Smaller 

Same  - Extended  Bonnet 

EBV-183B 

3”  thru  6" 

900#  Cast  STSTL,  Type  304, 
Buttweld  Ends 

V-271C 

3"  thru  6" 

Same  - Extended  Bonnet 

EBV-271C 

GLOBE 

1”  and  Smaller 

1715#  OWG  Forged  STSTL, 
Type  304,  Socket  Weld  Ends 

V-682B 

1"  and  Smaller 

Same  - Extended  Bonnet 

EBV-682B 

1 1/2 " and  2” 

1715#  OWG  Forged  STSTL, 
Type  304,  Socket  Weld  Ends 

V-683B 

1 1/2"  and  2" 

Same  - Extended  Bonnet 

EBV-683B 

2 1/2”  thru  6” 

900#  Cast  STSTL,  Type  304, 
Buttweld  Ends 

V-771C 

2 1/2"  thru  6" 

Same  - Extended  Bonnet 

EBV-771C 

ANGLE 

1”  and  Smaller 

1715#  OWG  Forged  STSTL, 
Type  304,  Socket  Weld  Ends 

V-1183B 

1”  and  Smaller 

Same  - Extended  Bonnet 

EBV-1183B 

am/  (%em£oa& 

All  information  tioroon  it  tho  conlldontlal  property  of  Air  Product*  and 
Chomicolt,  Inc.,  uniat*  onothor  source  It  thewn,  It  suhfect  to  rotvrn  on  de- 
mand and  most  not  bo  ditdeted  or  reproduced  without  prior  written  consent. 
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DESIGN  ENGINEERING  STANDARDS  c78  30  c 

570  wmr.  ss  17  pff  j 

COLD  BGK  SERVICE  +100°F  & P^LCW  1715  PSIG  MAX  OWG  STAINLESS  STEEL  PIPE 

ITEM  DESCRIPTION  SPECIFICATION 

VALVES  (Cant'd) 

ANGIE  (Cant'd) 

1 1/2“  and  2"  1715#  OWG  Forged  STSTL,  V-II842 

Type  304,  Socket  Weld  Ends 

1 1/2“  and  2“  Same  - Extended  Bonnet  EBV-1184B 

2 1/2"  thru  6"  900#  Cast  STSTL,  Type  304,  V-1271C 

Buttweld  Ends 

2 1/2"  thru  6"  Same  - Extended  Bonnet  EBV-1271C 

CHECK 

2 1/2"  and  Smaller  1715#  OWG  Cast  STSTL,  Type  304,  V-1682B 

Piston,  Socket  Weld  Ends 

•"  and  Larger  900#  Cast  STSTL,  Type  304,  V-1771C 

Swing,  Buttweld  Ends 

GLOBE  (FOR  PRESSURE  GAUGE  AND  INSTRUMENT  SHUT-OFF) 

1/4"  and  1/2"  3000#  OWG  Forged  STSTL,  V-719A  * 

Type  304,  Screwed  Ends 
(Warm  Zone  Only) 


NOTE:  1.  Bills  of  Material  must  specify  bore  for  buttweld  end  valves 

and  welding  neck  flanges. 

2.  The  use  of  bends  to  replace  ells  will  be  permitted  where 
sound  Judgment  Indicates  an  application  on  sizes  up  to 
and  including  4".  For  detail  bend  radius  data  see  Design 
Engineering  Standard  578.30.1.1. 

3.  This  standard  can  be  used  for  temperatures  above  100°F. 

The  mairtmnw  PSI  for  elevated  temperrtures  shall  be  as 
shown  In  the  table  below. 


TEMP. 

PSI 

TEMP.  PSI 

150°F 

- 1610 

350°F  - li  0 

200°F 

- 1535 

400°F  - 1245 

250°F 

- 1440 

450°F  - 1195 

300°F 

- 1370 

A 


a*t  GUmtcaA 


All  Information  hereon  li  the  confidential  property  of  Air  Product*  and 
Chemicals,  Inc.,  onion  onoHior  source  It  shown.  Is  subject  to  relwrn  on  de- 
mand and  must  not  be  disclosed  or  reprodaced  without  prior  written  consent. 
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DESIGN  ENGINEERING  STANDARDS 

570  Pining 


SS  30 


COLD  BOX  SERVICE  +100°F  St  BELOW  3000  PSIG  MAX  CWG  STAINIESS  STEEL  PIPE 


DESCRIPTION 


SPECIFICATION 


1/2”  and  Smaller 


Seh.  80S,  Seamless, 
Threaded  Ends 


ASTM  A312  Tp  304 


1"  and  Smaller 


1 i/2"  thru  3" 


Sch.  AOS,  Seamless, 
Plain  Ends 

Sch.  80S,  Seamless, 
Plain  End  8 


ASTM  A312  Tp  304 


ASTM  A312  Tp  304 


FITTINGS 


1/2"  and  Smaller 


1"  and  Smaller 


1 1/2"  and  2" 


2 1/2"  and  3" 


UNIONS 


1 1/2"  and  Smaller 


FLANGES 


2"  thru  3" 


BOLTING 


All  Sizes 


GASKETS 


3000#  Forged,  Serened  Ends 
Warm  Zone  Only 

Sch.  AOS,  Forged, 

Socket  Weld  Ssds 

Sch.  80S,  Forged, 

Socket  Weld  Ends 

Sch.  80S,  Wrought, 

Buttweld  Ends 


Sch.  80S  Forged,  Ground 
Joint,  Socket  Weld  Ends 


150Q#  Forged,  RTJ,  Welding 
Neck,  Bore  for  Sch.  80S 


Studd,  Full  Thd.,  STSTL,  Tp  304 
Nuts,  Hex,  STSTL,  Tp  321 
(Alternate  STSTL  Tp  316) 


ASTM  A182  Or  F304 


ASTM  A182  Gr  F304 
ASA  B16.11 

ASTM  A 182  Gr  F3Q4 
ASA  Bl6.ll 

ASTM  A403  WP  304 
ASA  B16.9 


ASTM  A182  Gr  F304 
ASA  B16.11  • 


ASTM  A182  Gr  F304 
ASA  B16.5 


ASTM  A320  Sym  B8 
ASTM  A194  Sym  8T 


All  Sizes 


RTJ,  STSTL,  Type  304,  Oval, 
Maximum  Brine 11  140 


ASA  B16.20 


A am/ 


All  information  horoon  It  tho  conUdonllol  property  of  Air  Product*  and 

CHomicalt,  lnc.f  unto**  anothor  tourco  I*  * how  ft,  I*  *ub|oct  to  roturn  on  do-  Jan  . 1 9o4 
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SS  30 


DESIGN  ENGINEERING  STANDARDS 

570  Piping 


COLD  BOX  SERVICE 

+100° F & BELOW  3000  PSIG  MAX  OWG 

STAINLESS  STEEL  PIPE 

rrai 

DESCRIPTION 

SPECIFICATION 

VALVES 

GATE 

1"  and  Smaller 

150#  Forged  STSTL,  Type  304, 
Socket  Weld  Ends 

V-222B 

1”  and  Smaller 

Same  - Extended  Bonnet 

EBV-222B 

1 1/2"  and  2" 

150#  Forged  STSTL,  Type  304, 
Socket  Weld  Ends 

V-215B 

1 1/2"  and  2" 

Same  - Extended  Bonnet 

EBV-215B 

GLOBE 

1"  and  Smaller 

1500 # Forged  STSTL,  Type  304, 
Socket  Weld  Ends 

V-722B 

1"  and  Smaller 

Same  - Extended  Bonnet 

EBV-722B 

1 1/2"  end  2" 

150#  Forged  STSTL,  Type  304, 
Socket  Weld  Ends 

V-715B 

1 1/2"  and  2" 

Same  - Extended  Bonnet 

EBV-715B 

CHECK 

2"  and  Smaller 

150#  Forged  STSTL,  Type  304, 
Piston,  Socket  Weld  Ends 

V-1712B 

GLOBE  (FOR  PRESSURE  GAUGE  AND  INSTRUMENT  SHUT-OFF) 

1/4"  and  1/2" 

300#  OWG  Forged  STSTL,  Type  304, 
Screwed  Ends  (Warm  Zone  Only) 

V-719A 

NOTE:  1.  Threaded  pipe  and  screwed  f . tings  and  valves  are  restricted 

to  use  in  the  Warn  Zone  only. 

2.  Bills  of  material  most  specify  bore  for  buttweld  end  valves, 
and  welding  neck  flanges. 

| Alt  informoNon  hmcon  it  the  confidential  property  of  Air  Predect*  and 
t Cbemicalt,  Inc.,  onlets  another  tovreo  it  t>  ern,  It  eefcfoct  to  refo*n  on  do- 
I mend  and  moot  not  bo  ditdatod  01  reproduced  without  prior  wrtdf  . content. 
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DESIGN  ENGINEERING  STANDARDS 


SS  30 


COLD  BOX  SERVICE  +100 JF  & BELOW  3000  PSIG  MAX  OWG  STAINIESS  STEEL  PIPE 

NOTE:  (Coat'd) 

3.  The  use  of  beads  to  replace  ells  will  be  permitted  where 
souad  Judgment  indicates  an  application  on  sizes  up  to 
and  including  2".  For  detail  bend  radius  data  see  Design 
Engineering  Standard  578.30.1.1. 

4.  . -s  standard  can  be  used  for  temperatures  above  100°F. 

The  maximum  PSI  for  elevated  temperatures  shall  be  as 
shown  in  the  table  below. 


TEMP. 

SSL 

PSI 

150  °F 

- 2820 

350°F  - 

2280 

200°F 

- 2690 

400 °F  - 

2180 

250 “F 
300°F 

- 2520 

- 2400 

450°F  - 

2090 

A All  Information  horoon  it  tho  confidential  property  of  Air  Products  and  

crfct  IFfoducfc  am*  GiUmieaA  Choir.lcolt,  Inc.,  vnlott  anoftior  toorco  It  shown,  it  t*fc|oct  to  rotor*  on  do* 

'•*  mond  and  most  not  bo  ditciotod  or  roprodocod  wlthoot  prior  wrllton  content. 


DESIGN  ENGINEERING  STANDARDS 

570  PIPING 


578.30.8 
PaRe  1 


COLD  BOX  SERVICE  +100°F  & BELCW  3600  PSIG  MAX  CNG 

STAINLESS  STEEL  PIPE 

ITEM 

DESCRIPTION 

SPECIFICATION 

PIPE 

1/4" 

Sch.  80S,  Seamless, 
Threaded  Ends 

ASTM  A312  Tp  304 

3/4"  and  Smaller 

Sch.  40S,  Seamless, 
Plain  Ends 

ASTM  A3I2  Tp  304 

1”  anc*  1 1/2" 

Sch.  80S,  Seamless, 
Plain  Ends 

ASTM  A3 12  Tp  304 

2" 

Sch.  160S,  Seamless, 
Plain  Ends 

ASTM  A312  Tp  304 

FITTINGS 

1/4" 

6000#  Forged  Screwed  Ends 
Warm  Zone  Only 

ASTM  A182  Gr  F304 

3/4"  and  Smaller 

Sch.  40S,  Forged, 
Socket  Weld  Ends 

ASTM  A182  Gr  F304 
ASA  216. 11 

1"  and  1 1/2" 

Sch.  SOS,  Forged, 
Socket  Weld  Ends 

ASTM  A182  Gr  FJ0U 
ASA  B16.11 

2" 

Sch.  160S,  Wrought, 
Buttweld  Ends 

ASTM  A403  WP  304 
ASA  B16.9 

UNIONS 

1 1/2"  and  Smaller 

Sch.  80S,  Forged,  Ground 
Joint,  Socket  Weld 

ASTM  A182  Gr  F304 
ASA  B16.11 

FLANGES 

2" 

1500#  Forged,  RTu,  Welding 
Neck,  Bore  for  Sch.  160S 

ASTM  A182 
ASA  B16.5 

Gr  F316 

BOLTING 

All  Sizes 

Studs,  Full  Thd. , STSTL,  Tp  304 
Nuts,  Hex,  STSTL,  Tp  321 
(Alternate  STSTL  Tp  316) 

ASTM  A320  Sym  B8 
ASTM  A194  Sym  8T 

z 

ut 

s 

3 

5 

All  InformoNon  htrtsn  it  the  contldenttol  property  off  Air  Producti  and 
Chemlcolt,  Inc.,  unliu  another  source  It  shown,  it  tuh|oct  la  return  an  de- 
mand and  matt  not  ho  dl* closed  or  reproduced  without  prior  written  content. 
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578.30.8  DESIGN  ENGINEERING  STANDARDS 

Paee  2 SS  30 570  PIPING 

COLD  BOX  SERVICE  +100°  F & BELOV  3600  PSIG  MAX  OVG  STAINLESS  STEEL  PIPE 


ITEM 

DESCRIPTION 

SPECIFICATION 

GASKETS 

All  Sizes 

RTJ,  STSTL,  Type  30fa,  Oval, 
Maximum  Brine  11  140 

ASA  B16.20 

VALVES 

GATE 

/ 

1”  end  Smaller 

1500#  Forged  STSTL,  Type  316, 
Socket  Veld  Ends 

V-223B 

1"  and  Smaller 

Same  - Extended  Bonnet 

EBV-223B 

■ 

1 1/2"  and  2" 

1500#  Forged  STSTL,  Type  316, 
Socket  Weld  Er*ds 

V-216B 

1 1/2"  and  2" 

Same  - Extended  Bonnet 

EBV-216B 

GLOBE 

1"  and  Smaller 

1500#  Forged  STSTL,  Type  316, 
Socket  Weld  Ends 

V-723B 

ln  and  Smaller 

Same  - Extended  Bonnet 

EBV-723B 

1 1/2"  and  2" 

1500#  Forged  STSTL,  Type  3I6, 
Socket  Weld  Ends 

V-716B 

1 1/2"  and  2" 

Same  - Extended  Bonnet 

EBV-716B 

CHECK 

2"  and  Smaller 

1500#  Forged  STSTL,  Type  316, 
Piston,  Socket  Weld  Ends 

V-1713B 

GLOBE  (FOR  PRESSURE  GAUGE  ASP  INSTRUMENT  SHUT-OFF) 

1/1+ " and  1/2”  5000#  CWG  Forged  STSTL,  V-712A 

Type  30^+j  Needle,  Screwed 
Ends  (Warn  Service  Only) 


A TiedicZl  a*/  (%$mvcaU 


All  information  Km  on  it  Iho  conffdonflol  proparty  •*  Afar  Products  and 
Chomicalt,  Inc.,  unlost  another  source  It  shown,  ft  subject  to  return  ••  de- 
mand  and  most  not  bo  disclosed  or  roprodocod  without  prior  wrfffon  contont. 
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COLD  BOX  SERVICE  +100 °F  & BELCW  3600  PSIG  MAX  OWC  STAINI£SS  STEEL  PIPE 


NOTE:  1.  Threaded  pipe  and  screwed  fittings  and  valves  are  restricted 

to  use  in  the  Warm  Zone  only. 

2.  Bills  of  Material  must  specify  bore  for  buttweld  end  valves 
and  welding  neck  flanges. 

3.  The  use  of  bends  to  replace  ells  will  be  permitted  where 
sound  judgment  indicates  an  application  on  sizes  up  to 
and  including  1 1/2 For  detail  bend  radius  data  see 
Design  Engineering  Standard  578.30.1.1. 

4.  This  standard  can  be  used  for  temperatures  above  100 °F. 

The  maximum  PSI  for  elevated  temperatures  shall  be  as 


i 

1 

below. 

TEMP. 

PSI 

TEMP. 

psi 

150°F  - 

3480 

350°F 

- 2730 

200 °F  - 

3220 

400 °F 

- 2620 

250 °F  - 

3020 

450 °F 

- 2510 

300°F  - 

2880 

V ant  fl&etwca/t 


All  Information  baton  it  tho  confidential  property  of  Air  Products  and 
Chemicals,  Inc,  unless  oaotlkor  source  It  shown.  Is  subject  to  rot orn  on  de- 
mand and  most  not  bo  disclosed  or  roprodocod  without  prior  wrllton  consont. 
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COLD  BOX  SERVICE 

+100 °F  & BELOW  720  PSIG  MAX  0WG  STABJIESS  STEEL  PIPE 

ITEM 

DESCRIPTION 

SPECIFICATION 

PIPE 

1/8"  thru  3/8" 

Sch.  BOS  IG  Welded,  Threaded  Ends 
(Instrument  Connections  Only  - 
See  Note  4) 

ASTM  A312  Tp  304 

1/2"  and  3/4" 

Sch.  40S,  IG  Welded,  Threaded  Ends 
(Instrument  Connections  Only  - 
See  Note  4) 

ASTM  A312  Tp  304 

2 1/2"  & smaller 

Sch.  10S,  IG  Welded,  Plain  Ends 

ASTM  A312  Tp  304 

3" 

Sch.  10S,  Seamless,  Plain  Ends 

ASTM  A312  Tp  304 

4"  thru  12" 

Sch.  40S,  IG  Welded,  Plain  Ends 

ASTM  A312  Tp  304 

FITTINGS  (See  Note  5) 

3/41,  and  smaller 

2000#,  Forged,  Screwed  Ends, 
Warm  Zone  Only  (Instrument 
Connections  Only  - See  Note  4) 

ASTM  A182  F304 

and  smaller 

Sch.  10S,  Wrought,  Long  Tangent 

Type  with  Belled  Ends  (l  1/2" 

and  2"  Belled  Tees  are  not  Permitted) 

ASTM  A403  WP304L 

1 1/2"  & 2"  (TEES)  Sch.  40S,  Forged, 

Socket  Weld  Ends 

ASTM  A182  Gr  F304 
ASA  Bl6.ll 

2 1/2"  and  3" 

Sch.  10S,  Wrought, 
Buttweld  Inds 

ASTM  A403  WP304L 
ASA  B16.9 

4"  thru  12" 

Sch.  40S,  Wrought, 
Buttweld  Ends 

ASTM  A403  WP304 
ASA  B16.9 

UNIONS 

3/4"  and  smaller 

2000#,  Forged,  Ground  Joint, 
Screwed  Ends,  Warn  Zone  Only 
(Instrument  Connections  Only  - 
See  Note  4) 

ASTM  A 182  F304 

1 1/2"  & smaller 

Sch.  40S,  Forged,  Ground  Joint, 
Socket  Weld  End3 

ASTM  A182  F304 
ASA  B16.11 

7\o<6ic&  m/  OLmaaA 
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DESIGN  ENGINEERING  STANDARDS 

570  PIPING 

COLD  BOX  SERVICE 

+100  #F  & BELOW  720  PSIG  MAX  OWG 

STAINIESS  STEEL  PIPE 

ITEM 

DESCRIPTION 

SPECIFICATION 

FLANGES 

2"  thru  12" 

300#  Forged,  l/l6"  Raised  Face, 
Welding  Neck,  Bore  for  Sch.  of  Pipe 

ASTM  A182  F316 
ASA  B16.5 

BOLTING 

All  Sizes 

Studs,  Full  Thd.,  STSTL,  Tp  304 
Nuts,  Hex,  STSTL,  Tp  321 
(Alternate  STSTL  Tp  316) 

ASTM  A3 20  Sym  B8 
ASTM  A192  Sym  8T 
A PCI  579.2.2 

GASKETS 

All  Sizes 

Ring,  Compressed  Asbestos, 
1/16"  thick 

ASA  B16.21 
A PCI  579.2.3 

VALVES 

GATE 

3/4”  and  smaller 

300#  Cast  STSTL,  Type  316, 
Screwed,  Warm  Zone  Only 

V-256A 

2"  and  smaller 

300#  Cast  STSTL,  Type  316, 
Socket  Weld  Ends 

V-256B 

2"  and  smaller 

Same  - Extended  Bonnet 

EBV-256B 

2 1/2"  thru  12" 

300#  Cast  STSTL,  Type  316, 
Buttweld  Ends 

V-256C 

2 1/2"  thru  12" 

Same  - Extended  Bonnet 

EBV-256C 

GLOBE 

3/4"  and  smaller 

300#  Cast  STSTL,  Type  316, 
Screwed  Ends,  Warm  Zone  Only 

V-756A 

2"  and  smaller 

30Q#  Cast  STSTL,  Type  316, 
Socket  Weld  Ends 

V-756B 

2"  and  smaller 

Same  - Extended  Bonnet 

EBV-756B 

2 1/2"  thru  8" 

300#  Cast  STSTL,  Type  316, 
Buttweld  Ends 

V-756C 

2 1/2"  thru  8" 

Same  - Extended  Bonnet 

EBV-756C 

7\  c^t  ^ 
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COLD  BOX  SERVICE 

+100 °F  & BELOW  720  PSIG  MAX  OWG 

STAINLESS  STEEL  PIPE 

ITEM 

DESCRIPTION 

SPECIFICATION 

VALVES  (Cont'd) 

ANGLE) 

3/4"  and  smaller 

300#  Cast  STSTL,  Type  316, 
Screwed  Ends,  Warm  Zone  Only 

V-1256A 

2"  and  smaller 

300#  Cast  STSTL,  Type  316, 
Socket  Weld  Ends 

V-1256B 

2"  and  smaller 

Same  - Extended  Bonnet 

EBV-1256B 

2 1/2"  thru  8" 

300#  Cast  STSTL,  Type  316, 
Buttweld  Ends 

V-1256C 

2 1/2"  thru  8" 

Same  - Extended  Bonnet 

EBV-1256C 

CHECK 

3/4"  and  smaller 

300#  Cast  STSTL,  Type  316, 
Swing,  Screwed,  Warm  Zone  Only 

V-1756A 

2"  and  smaller 

300#  Cast  STSTL,  Type  316, 
Swing,  Socket  Weld  Ends 

V-1756B 

2 1/2"  thru  12" 

300#  Cast  STSTL,  Type  336, 

V-1756C 

GLOBE  (FOR  PRESSURE  GAUGE  & INSTRUMENT  SHUT-OFF) 

1/4"  and  1/2" 

3000#  CWG  Type  304  Forged  STSTL, 
Screwed  Ends,  (Warm  Zone  Only) 

V-719A 

NOTES:  (SEE  PAGE  4) 


7%odue&  and  QtemieaA 
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DESIGN  ENGINEERING  STANDARDS 

570  PIPING 


COLD  BOX  SERVICE  +100 °F  & BELOW  72C  PSIG  MAX  OWG  STAINLESS  STEEL  PIPE 


NOTE:  1.  Bills  of  Material  must  specify  bore  for  buttweld  end  valves, 

and  welding  neck  flanges. 

2.  The  use  of  bends  to  replace  ells  will  be  permitted  where  sound 
judgement  indicates  an  application  on  sizes  up  ~o  and  including 
4".  For  detail  bend  radius  data  see  Design  Engineering  Standard 
578.30.1.1. 

3.  This  standard  can  be  used  for  temperatures  above  100 °F.  The 
maximma  PSI  for  elevated  temperatures  shall  be  as  shown  in 
the  table  below. 


TEMP.  PSI 

150 °F  - 675 
200 °F  - 645 
250°F  - 605 
300 °F  - 575 


TEMP.  PSI 

350°F  - 545 
400 °F  - 520 
450 °F  - 500 


4.  Threaded  pipe  and  fittings  are  restricted  to  use  at  instruments, 
pressure  gauges,  pressure  taps,  and  safety  valve  connections 
only. 

5.  In  sizes  6"  thru  12",  branch  connections  may  be  used  where 
economically  justified.  Consult  with  piping  squad  leader  and 
stress  analyst  prior  to  their  use. 


LUBE  OIL  SERVICE 


DESIGN  ENGINEERING  STANDARDS 

570  PIPING SSI 

-20  °F  to  +150  °F  150  PS;.0  MAX 


578.40.1 


STAINLESS  STEEL  PIPE 


This  standard  is  for  compressor,  expander,  compander,  and  other  machinery 
lube  oil  service.  Stainless  steel  pipe  and  fittings  shall  be  used  in  that 
portion  of  the  lube  oil  supply  circuit  from  the  oil  filters  to  the  bearings. 
CSL1.5  Design  Engineering  Standard  578.10.24,  Carbon  Steel  Pipe,  shall  be 
used  for  all  other  lube  oil  circuits. 

Provision  shall  be  made  for  easy  removal  of  lube  oil  piping  in  order  to 
service  the  machines.  Union  or  flanged  joints  shall  be  employed  to  provide 
a break  at  the  machine  and  at  the  lube  oil  console.  The  lube  oil  system  must 
have  a complete  and  ready  capability  of  disassembly  for  cleaning  and  maintenance. 


DESCRIPTION 


SPECIFICATION 


1"  and  smaller 


1 1/2”  and  2” 


1 1/2"  thru  12" 


Sch.  4GS,  I.G.  Welded, 
Plain  and  Threaded  Ends 
(See  Note  l) 

Sch.  40S,  I.G.  Welded, 
Threaded  Ends  (See  Note  1) 

Sch.  10S,  I.G.  Welded, 
Plain  Ends 


FITTINGS  (See  Notes  1 and  2) 


2"  and  smaller 


1"  and  smaller 


1 1/2"  and  2" 


7 1/2"  thru  12" 


2000#  Forged,  Screwed  Ends 
(See  Note  1) 


ASTM  A3 12  Tp  304 


ASTM  A312  Tp  304 


ASTM  A312  Tp  304 


ASTM  A182  Gr.  F30* 
ANSI  B16.ll 


3000#  Forged,  Socket  Weld  Ends  ASTM  A182  Gr.  F304 

ANSI  B16.11 

Sch.  I0S,  Wrought,  Long  Tangent  ASTM  A403  WP304L 
Type  with  Belled  Ends 


Sch.  1GS,  Wrought,  Buttweld 
Ends 


ASTM  A403  WP304 
ANSI  B16.9 


UNIONS 


1"  and  smaller 


3000#  Forged,  Ground  Joint, 
Socket  Weld  Ends 


ASTM  Al£2  Gr.  F304 
ANSI  B16.ll 


FLANGES 


1 1/2"  thru  12" 


150#  Forged,  Carbon  Steel, 
Slip  On,  Flat  Face 


ASTM  A181  Gr.  1 
ANSI  B16.5 


A Ail  information  Horton  it  tHo  confidential  property  of  Air  Product!  and 
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LUBE  OIL  SERVICE  -20°F  to  +I50°F  150  PSIG  MAX  STAINLESS  STEEL  PIPE 

ITEM 

DESCRIPTION 

SPECIFICATION 

BOLTING 

AH  sizes 

Bolts,  Carbon  Steel,  Full  Thread 

ASTM  A307  Gr.  B 

Nuts,  Carbon  Steei,  Hex 

ASTM  A194  2H 

GASKETS 

1 

1 

! 

All  sizes 

Full  Face  Compressed  Asbestos, 
1/16"  Thick 

ANSI  B16.21  ! 

VALVES  (See  APCI  Design  Eng.  Std.  57V.3) 

gate 

2"  and  smaller 

125#  Bronze,  Screwed  Ends 

V-12A 

2 1/2 " thru  12" 

125#  IBBM,  Flat  Face 
Flanged  Ends 

V-45F 

GLOBE 

2"  and  smaller 

150#  Bronze,  Screwed  Ends 

V-511A 

2 1/2"  thru  12" 

125#  IBBM,  Flat  Face 
Flanged  Ends 

V-550F 

CHECK 

2"  and  smaller 

125#  Bronze  Swing, 
Screwed  Ends 

V-1501A 

2 1/2"  thru  4" 

125#  IBBM,  Swing, 

Flat  Face  Flanged  Ends 

V-1541F 

6"  thru  12" 

125#  Wafer  Type,  IBBM  Buna-N 
Seals,  Flat  Face  End  Connection 

Mission  12HMP 

BALL 

2"  and  smaller 

150#  Bronze  or  Brass,  Teflon 
Seats  and  Seals,  Threaded  Ends 

V-3001A 

GLOBE  (For  Pressure  Gauge  and  Instrument  Shut-Off ) 

1/4"  and  1/2" 

40J#  OWG  Bronze, 
Screwed  Ends 

V-2013A 

am/ &mba& 
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LUBE  OIL  SERVICE  -20°F  to  +150°F  150  PSIG  MAX  STAINLESS  STEEL  PIPE 


NOTES  1*  Weld  fittings  shall  be  used  wherever  possible.  The  use  of 

screwed  end  fittings  shall  be  limited  to  instrument,  equipment, 
or  valve  connections. 

2.  The  use  of  bends  to  replace  ells  is  permitted  where  sound  and 
economic  judgement  indicates  an  application.  Bends  shall  conform 
to  ANSI  B31.3. 

3.  Nominal  pipe  sizes  1 1/4,  3 1/2,  5 and  7 inch  shall  not  be  used. 
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INTRODUCTION  HAND  VALVE  CODE 

1.  PURPOSE 


Standard  579*3  provides  for  the  specification  of  hand  valves  and  is  issued 
to  facilitate  the  preparation  of  Bills  of  Material,  requisitions,  purchase 
orders,  and  inventory  records. 

2.  SCOPE 

Standard  579*3  specifies  commercially  manufactured  hand  valves,  excluding 
the  extended  bonnet  type  (579**0*  This  introduction  Includes: 

A.  The  method  of  designation 

B.  The  use  of  designators 

C . Purchase  requisitions 

D.  Table  of  Valves  styles  and  materials 

E.  Table  of  valve  end  designations 
3*  METHOD  OP  DESIGNATIONS 

All  valves  appearing  on  flow  sheets  carry  a number.  These  valves  are 
numbered  consecutively  for  each  project  in  the  development  of  the  flow 
sheet.  These  are  not  designation  numbers,  but  do  appear  on  the  piping 
drawings. 

After  selection  of  the  proper  piping  material  for  a given  service,  the 
use  of  the  correct  Air  Products  and  Chemicals,  Inc.  Piping  Standards  will 
determine  the  proper  valve  to  be  used  and  will  give  its  designation  number 
and  suffix.  The  letter  "V"  is  here  used,  appearing  as  a prefix  to  all  valve 
nunber8 . 

The  number  following  the  "V-"  indicates  the  style  of  the  valve  and  the 
type  of  body  material;  these  numbers  are  defined  in  Table  1 of  this 
Introduction. 

A suffix  letter  indicates  the  type  of  end  connection.  The  suffix  letters 
are  shown  on  Table  2 of  this  Introduction. 
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H^  VALVE  CODE 


METHOD  OF  DESIGNATIONS  (Coat'd) 

Example:  A valve  carrying  the  designation  k"  V-131G  is  a cast  steel  gate 

valve  with  raised  face  flanged  ends.  In  the  following  catalog 
section  this  valve  .s  shown  to  he  720#  OUG  service,  and  is 
available  as  Bolted  Bonnet,  OS&Y,  Rising  Stem,  Solid  Wedge, 
Inserted  Seats,  from  the  following  manufacturers b,  with  catalog 
numbers  listed. 


Darling 

Powell 

Jenkins 

Crane 


8-72  OS&Y 
3003 
1010-CM 
33XR 


Lunk'hmr 
RP  & C 
Pacific 
Walworth 


1S38-B6 

3001 

350-: 

5206P 


USE  OP  DESIGNATORS 


The  valve  designator  describes  y valve  fully,  except  for  size, 
to  appear  on  the  following: 

A Valve  Sumnary 


It  is 


B.  Line  and  Valve  Consolidated  Bills  of  Material 

C.  Purchase  Requisition 

D.  Purchase  Order 

The  manufacturer  will  attach  a metal  tag  which  shall  bear  the  valve  designator 
(also  called  valve  tag  number).  This  tag  will  facilitate  the  work  of  the 
shops  or  field  erectors. 

PURCHASE  REQUISITION/ORDER 

The  valve  requisition  will  list  only  quantity,  size,  designator  and  tagging 
instructions.  The  listing  will  start  with  the  smallest  designator  and  progress 
to  the  largest.  This  will  automatically  place  the  valves  in  order  so  that 
like  type  and  material  categories  can  be  easily  recognized  by  referring  to 
Table  1,  below.  The  Purchasing  Department  transmits  copies  of  the  final 
typed  requisition  to  Vendors  for  quotation. 

Listing  of  valves  on  Purchase  Orders  will  follow  requisitions,  i.e.,  by 
increasing  design -tor  number,  giving  only  quantity,  size,  designator  and 
tagging  instructions. 
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INTRODUCTION  hAND  VALVE  CODE 

6.  VALVE  STILES  AND  MATERIALS 

TABUS  I 

BODY  MATERIAL  AND  RANGE  OF  TAG  NUMBERS 


TYffi  OF 
VALVE 

BRONZE 

CAST  IRON 

FORGED  OR 
CAST  STEEL 

FORGED  OR 
CAST  STSTL 

ALUMINUM 

Gate 

1-4D 

41-60 

61-180 

181-300 

301-340 

Globe 

501-540 

541-560 

561-680 

681-800 

801-840 

Angle 

1001-1040 

1041-1060 

1061-1130 

1181-1300 

1301-1340 

Check 

1501-1540 

1541-1560 

1561-1680 

1681-1800 

1801-1840 

Nredle 

2001-2040 

2041-2060 

2061-2180 

2181-2300 

2301-2340 

Plug 

2501-2540 

2541-2560 

2561-2680 

2681-28C0 

2801-2840 

Ball 

3001-3040 

3041-3060 

3061-3180 

3181-3300 

3301-3340 

Butterfly 

3501-3540 

3541-3560 

3561-3680 

3681-3800 

3801-3840 

7.  VALVE  END  DESIGNATIONS 


TABLE  II 


A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

L 


Screwed-U.S.  Std.  Taper 

Socket  Weld 

Buttweld 

Solder  (For  OD  Tubing) 

Silver  Braze  (For  Iron  Pipe  Size) 
Flanged,  Flat  Face 
Flanged,  Raised  Fac  : 

Flanged,  Ring  Joint 
Flanged,  Large  Male 
Flanged,  Large  Female 
Flanged,  Sr  i MrJLe 


M - Flagged,  Small  Female 
N - Flanged,  Large  Tongue 
? - Flanged,  Large  Groove 
Q - Flanged,  Small  Tongue 
R - Flanged,  Small  Groove 
S - Flanged.  Aiwonia 
T - SAE  Flare 

U - Screwed-U.S.  Std.  Parallel 
V - Compression 
W - Sc-^wed-B.S . P.  Parallel 
Z - Screwed-B.S.P.  Taoer 


8.  GENERAL 


Booklets  containing  valve  designator  sheets  have  been  prepared  by  the 
Standards  Department  for  distribution  to  the  valve  vendors.  It  is 
intended  that  these  buOKlets  w*ll  be  used  by  the  vendors  to  interpret 
Purchase  Requisitions  and  Purchase  Orders. 


-/\  mdoaA 


All  Nnm  It  Hit  ceMMtnHsI  prtptfty  tf  Air  twiwtn  **4 

CMctli,  Inc.,  uiditt  vfittMr  tttrcG  It  ilitwR»  It  ttfbftct  ft  rtt*rn  tti  ^ 
■tiH  mdMvit  toff  bi  dlulMid  tr  npr«dt<fd  wWittt  pr«t  f WfMtn  ««hhM. 


Oct 


i 


Jot# 

, 1966 


DESIGN  ENGINEERING  STANDARDS 

570  PIPING 

CS  1.5 

578.10. IV 

SERVICE  -20°F  TO  +1S0°F  ISO  PSIG  MAX  OWG  CARBON  STEEL 

(See  Note  1) 

Air  Nitrogen 

Glycol  Water 

ITEM 

DESCRIPTION 

SPECIFICATION 

PIPE 

2"  and  smaller 

Std.  Buttweld,  Threaded  Ends 
(See  Note  2) 

ASTM  A53 

V and  smaller 

Std.  Buttweld,  Plain  Ends 

ASTM  A53 

6" 

Std.  Seamless,  Plain  Ends 

ASTM  A53  Gr  B 

8"  thru  12" 

Sch.  20  Seamless,  Plain  Ends 

ASTM  A53  Gr  B 

14"  thru  24" 

Sch.  10  Seamless,  Plain  Ends 

ASTM  A53  Gr  B 

FITTINGS  (See  Note  ^ 

2"  and  smaller 

2000#  Forged  Steel 
Threaded  Ends  (See  Note  2) 

ASTM  A181  Gr  2 
ANSI  B16.il 

2"  and  smaller 

3000#  Forged  Steel, 
Socket  Weld  Ends 

ASTM  A181  Gr  2 
ANSI  B16.ll 

2 1/2"  thru  6" 

Std.  Wt.  Wrought  Steel, 
Buttweld  Ends 

ASTM  A234  WPB 

8"  thru  12" 

Sch.  20  Wrought  Steel, 
Buttweld  Ends 

ASTM  A234  WPB 

14"  thru  24" 

Sch.  10  Wrought  Steel, 
Buttweld  Ends 

ASTM  A234  WPB 

UNIONS 

2"  and  smaller 

2000#  Forged  Steel,  Ground 
Joint,  Steei-to-Steel  Seals, 
Threaded  Ends  (See  Note  2) 

ASTM  A 181  Gr  2 
ANSI  B16.11 

2"  and  smaller 

' Forged  Steel,  Ground 

nt,  Steel-to-Steel  Seats, 
Socket  Weld  Ends 

ASTM  A181  Gr  2 
ANSI  B16.11 

FLANGES 

1/2"  thru  2" 

150#  Forged  Steel,  Flat 
Face,  Socket  Weld 

ASTM  A181  Gr  \ 
ANSI  Bio. 5 

7T  ^ ThAcU  CLmieaA 

f r me. 

I All  information  Karoo*  it  tho  confidential  proparty  of  Air  Products  and 
I Chomicalt,  lac.,  unlost  another  source  Is  shown.  Is  sohioct  to  return  on  do- 
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SERVICE 

-20  °F  to  +150° F 150  PSIG  MAX  OWG 

(See  Note  1) 

CAKBON  STEEL 

Air  Nitrogen 

Glycol  Water 

ITEM 

DESCRIPTION 

SPECIFICATION 

FLANGES  (Coni' d) 

2 1/2"  thru  24" 

150#  Forged  Steel,  Flat 

ASTM  A 181  Gr  1 

Face,  Slip-On  (See  Note  5) 

ANSI  B16.5 

2 1/2”  thru  24" 

150#  Forged  Steel,  Flat 

ASTM  A181  Gr  1 

Face,  Welding  Neck,  Bore 
for  Sch.  of  Pipe  (See  !^ue  5) 

ANSI  B16.5 

BOLTING 

All  siz.es 

Bolts,  Carbon  Steel,  Full  Thd. 

ASTM  A307  Gr  B 

Nuts,  Carbon  Steel,  Hex 

ASTM  AI94  2H 

GASKETS 

All  sizes 

Full  Face,  Compressed 
Asbestos  l/l(j”  thick 

ANSI  B16.21 

VALVES  (See  A PCI  Design  Eng.  Std.  57y.3) 

GATE 

2"  and  smaller 

125#  Bronze,  Threaded  Ends 

V-12a 

2 l/2"  thru  24" 

125#  IBBM,  Flat  Face,  Flanged 
Ends 

V-45F 

GLOBE 

2"  and  smaller 

150#  Bronze,  Threaded  Ends 

V-511A 

2 1/2"  thru  12" 

125#  IBBM,  Flat  Face 
F*  Tinged  Ends 

V-550F 

CHECK 

2,:  and  smaller 

125#  Bronze,  Swiug, 
Threaded  Ends 

V-1501A 

2 1/2"  thru  4" 

125#  IBBM,  Swing, 

Flat  Face  Flanged  Ends 

V-1541F 

6"  thru  24" 

125#  Wafer  Type,  IBBM,  Buna-4* 

Mission  12HMP 

Seals,  Flat  Face  End  Connection 

(See  Note  1) 

"A" 


All  iaformolioti  htr*on  is  Ihi  conidGirtta1  pro^a«*y  of  Air  Product*  and 
Chamicalt,  Inc.,  uniats  another  savrea  Is  shown,  it  s«b|a<t  fa  raforn  an  da- 
1 ^ ' it  rltr  written  cansam. 
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SERVICE 

Air  Nitrogen 

Glycol  Water 

ITEM 

BALL 

2"  and  smaller 
2"  and  smaller 
2 1/2"  thru  6" 
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•20° F to  +150° F 150  F31G  MAX  UWG 
(See  Note  1) 

DESCRIPTION 


150#  Bronze  or  Brass,  Teflon 
Seats  and  Seal >,  Threaded  Ends 

1000#  OWG  Steel,  Teflon  c . -ts 
and  Seals,  Socket  Weld  S . ' •> 

150#  Ductile  Iron,  Teflon  Seats 
and  Seals,  Raised  Face  Flanged 
Ends 


CARBON  STEEL 


SPECIFICATION 


V-3001A 
(See  note  6) 


V-3061B 

V-3041G 


GLOBE  (For  Pressure  Gauge  and  Instrument  Shut-Off) 

1/4"  and  1/2"  400#  OWG  Bronze, 

Threaded  Ends 


V-2011A 


NOTE:  1,  This  standard  can  be  used  for  temperatures  above  150°F,  The 
maximum  PSI  for  elevated  temperatures  shall  be  as  shown  in 
the  table  below.  (The  component  limiting  pressure  is  Cast  Iron 
flanged  valves  - ANSI  B16.1). 


TEMP. 

PSIG 

TEMP. 

PSIG 

200 °F 

135 

300°F 

no 

250°F 

125 

350°F 

100 

Mission  check  valve  12  BMP  which  use  Buna  N seals,  shall  be  used 
up  to  200°F.  For  temperatures  between  201°F  and  350°F,  use 
Mission  figure  12HVP  which  utilizes  Viton  "A"  seals. 

2.  Weld  fittings  shall  be  used  wherever  possible.  The  use  of 
screwed  end  fittings  and  unions  shall  be  limited  to  instrument, 
equipment,  or  valve  connections. 

3.  The  use  of  bends  tc  replace  ells  is  permitted  where  sound  and 
economic  judgment  indicates  an  application.  Bends  shall  conform 
to  ANSI  B31.3.  Effect  of  bends  on  tne  stress  analysis  of  the 
system  must  be  considered. 

4.  Nominal  pipe  sizes  1 1/4,  3 1/2,  5 and  7 inch  shall  not  be  used. 

5.  Slip-on  flanges  should  normally  be  used  rather  than  welding  neck 
due  to  economy.  Welding  neck  flanges  shall  be  used  in  piping 
subject  to  pressure  pulsations  as  with  reciprocating  compressors. 

6.  Use  for  dead  end  service.  Use  V-3061B  for  in-line  service. 


A omi  £Xemtea& 


AN  information  htrton  is  tho  onOdtntioi  property  off  Air  Products  and 
Chemicals,  Inc.,  unless  another  source  Is  shown,  is  sutyect  to  return  #n  de* 
mond  and  must  not  be  disclosed  or  reproduced  without  prior  written  consent. 
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PUT  IT  IN  WRITING 


Date:  April  27,  1965 


TO: 

R.  E.  Sotak 

Subject : Cold  Test  of  1/2"  Safety  Valve 

with  Carbon  Steel  Spring,  WO 

FROM: 

R.  H.  Foster 

10-7071,  Project  00-5-32U6-51.12.50 
TECHNICAL  MEMORANDUM  #79 

cc:  W.  L.  Ball 

A.  Lapin 

C.  McKinley/R.  FI inn 
S.  Paterno 
C.  J.  Schilling 


Objective  of  Test 

To  determine  the  applicability  of  a carbon  steel  safety  valve  spring 
in  cold  service. 

Summary  of  Results 

The  spring  was  first  cycled  mechanically  12,960  strokes,  for  the  full  lift 
of  the  safety  valve,  while  emmersed  in  liquid  nitrogen.  It  was  then  cycled 
by  pressc-e  25  times,  starting  with  a warm  valve  which  cooled  during 
operatior  v cold  gas  passing  through  it.  Thirdly,  three  nicks  were  placed 
near  the  * is  and  at  the  center  of  the  spring,  and  the  valve  was  cycled 
mechanically , while  immersed  in  liquid  nitrogen,  for  2,285  strokes. 

No  changes  in  the  mechanical  characteristics  of  the  spring  could  be  detected. 

The  relief  pressure  remained  tne  same  as  at  the  start.  The  seating  pressure 
decreased,  but  this  could  have  been  a transitory  effect  at  the  first  oest . 

The  nicking  of  the  spring  had  no  discernible  effect. 

The  carbon  steel  spring  is  apparently  satisfactory  for  the  use  down  to  at 

least  -320°F.  \ 
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Test  Procedures 


A.  Long-Term  Cycling 

A 1/2"  size  Kunkle  safety  valve  (Fig.  23A)  was  first  pressure  tested 
to  determine  its  nev-condition  characteristics.  It  was  then  fastened 
to  a steel  framework  in  such  a manner  that  the  lever  arm  of  the 
safety  valve  could  be  operated  by  a rod  extending  from  a small  air 
piston.  The  safety  valve  was  then  immersed  in  liquid  nitrogen,  and 
air  was  applied  in  a cyclic  pattern  to  the  piston  operator.  This 
assembly  was  operated  for  the  full  available  stroke  of  the  valve  lift 
mechanism  at  about  20  strokes  per  minute  for  a total  of  15 ,21*5  strokes 
as  outlined  in  Table  1: 


Strokes 


Table  1 

Relief  Pressure  Seating  Pressure 


0 

98 

72 

5,920 

98 

9U 

12 ,960 

98 

93.5 

15,21*5* 

98 

93.5 

•After  nicking  of  spring  at  12,960  cycles. 

After  12,960  strokes,  the  safety  valve  was  partially  disassembled  and 
the  '/ 32"  diameter  coil  spring  was  nicked  1/32"  deen  at  the  center  and 
near  each  end.  It  was  reassembled  and  cycled  2,285  times  with  r.o 
apparent  mechanical  changes. 

B.  Cold  Gas  Test 

In  this  test,  the  valve  was  suspended  well  above  a liquid  nitrogen  bath. 
The  nitrogen  line  leading  to  the  safety  valve  was  coiled  and  immersed 
in  liquid  nitrogen.  Thus,  the  gas  which  caused  the  valve  to  operate 
was  cooled  to  near  liquid  nitrogen  temperature.  The  valve  was  operated 
about  25  times  with  various  periods  of  warming  between  operations. 
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At  times  the  valve  was  cold  enough  to  emit  liquid  nitrogen,  since  the 
line  pressure  was  160  psig  during  no-flow  conditions.  Many  times 
the  entire  valve  was  frosted  as  a result  of  operation. 

Di s cussion  of  Test  Result s 


As  indicated  in  the  summary,  no  apparent  mechanical  changes  occurred 
in  the  spring.  As  is  indicated  by  Table  1,  the  spring  rate  did  not  change, 
either  as  a result  of  cooling  down  to  liquid  nitrogen  temperature,  or  as  a 
result  of  cycling  at  that  low  temperature.  Several  times,  during  the  cold 
gas  test,  the  valve  tended  to  freeze  open  as  ice  formed  around  the  seat 
opening.  The  action  of  the  valve  became  sluggish  due  to  apparent  binding 
of  the  spring.  However,  these  effects  sire  dependent  only  on  the  design  of 
the  valve  and  not  to  the  presence  of  a carbon  steel  spring. 

Conclusions 


It  may  be  concluded  from  this  that  a carbon  steel  spring  may  be  used  in 
safety  valves  which  during  ooeration  exhaust  cold  gas  down  to  -320°F. 

Test  data,  flowsheet  and  pictures  may  be  reviewed  in  R&D  Notebook  1237- 


ORIGINAL  SIGNED  BY 


R.  H.  Foster 


RHFtkfd 


\ 


sba) 


( R lyped  9/25/72 


'^%octuc&  and  (%efnicaj£l 


-PUT  IT  IN  WRITING 

Date  April  17.  1961 

TO  L.  Ball  SUBJECT  Burning  of  Steel  Pipes  in  a Flowing 

FROM  F„  Kehat  Oxygen  Stream 

cc:  Geist,  J. 

McKinley,  C. 


INTRODUCTION 


Oxygen  flowing  in  a steel  pipe,  heated  at  one  point  to  redness,  reacts  with  th<; 
iron  in  the  pipe  to  form  the  oxide  - FeO.  The  melting  temperature  of  this  oxide 
(lU2°C)  is  lower  than  that  of  steel  (1535°C;  and  therefore  the  oxide  can  melt,  fall 
off  and  expose  new  surface  of  the  steel  pipe  for  further  oxidation.  The  reaction 
proceeds  at  a fast  rate  and  is  essentially  en  iron  flame. 

A short  experimental  program  was  undertaken  to  evaluate  the  effect  of  pipe  si  ze 
and  rate  of  oxygen  flow  in  a pipe  that  is  open  to  the  atmosphere,  on  the  linear 
burning  rate  of  steel. 

EXPERIMENTAL 


Pressure  regulated  oxygen  was  discharged  from  a cylinder  through  the  pipe  section 
on  the  test  stand.  The  pipe  section  was  heated  at  the  outlet  with  an  acetylene  torch 
till  it  started  to  bum.  A long  section  of  copper  tubing  dissipated  the  expansion 
cooling  between  the  regulator  and  the  pipe  section. 

Flow  was  controlled  by  the  pressure  at  the  regulator  and  was  measured  by 
a stop  watch  and  the  change  of  pressure  in  the  cylinder  during  a run.  The  rate 
of  linear  burning  of  the  pipe  was  measured  by  a stopwatch  and  the  decrease  in 
length  of  pipe  during  a .*un. 

RESULTS 


Sixty-five  runs  were  made.  Pipe  sizes  were  1/b" , 1/2”  and  l”.  Initial  pressures 
ranged  from  10  to  300  psig  and  flow  rates  from  1 to  ??.  CFM  oxygen.  Pipe  burning 
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rates  ranged  from  0.5  - 1.75  ft /min.  Reproducibility  was  poor  and  in  all  cases, 
except  one,  tbe  flame  extinguished  itself  after  1 - 40  seconds,  having  burned  from 
1/2"  - 6"  lengths  of  pipe.  In  one  run  with  1/4"  pipe,  12"  of  pipe  was  burned.  A 
water  hose  was  turned  on  the  pipe  and  the  flame  was  quenched  in  about  10  seconds. 

The  flow  measuring  system  was  poor  and  the  larger  pipes  burned  on  the  underside 
only.  No  difference  in  burning  behaviour  was  noted  whether  the  flame  was  initiated 
by  heating  one  spot  or  by  heating  a narrow  band  on  the  circumference  of  the  pipe, 
or  by  using  smaller  or  larger  sized  torches. 

In  most  cases  the  initial  burning  rate  was  fast.  The  flame  subsequently  slowed 
down  and  either  rekindled  occasionally  into  a fast  flame  or  extinguished  itself. 

The  following  table  was  constructed  by  interpolation  of  a large  number  of  scattered 
data  points  and  should  only  be  used  as  a rough  approximation. 


TABLE  I. 

LINEAR  BURNING  RATE  OF  PIPE  AS  A FUNCTION  OF  PIPE  SIZE 
AND  OXYGEN  FLOW  RATE 


Oxygen  Flow  Rate 

Linear  Burning  Rate  - 

ft/min. 

__  __  (CFM)  . 

' 1/4" 

1/2" 

1®  1 

1 

.5 

.14 

.1 

2 

1.0 

.3 

.2 

4 

.6 

.4 

6 

.9 

.6 

8 

1.1 

.8 

10 

1.4 

1.0 

1? 

1.7 

1.2 

DISCUSSION 


Like  any  other  flame,  continued  propagation  is  dependent  on  the  heat  transfer  rate 
to  the  unburnt  pipe  ^nd  elimination  of  the  coubustion  products  from  the  combustion 
area.  A slight  drop  in  the  heat  transfer  rate  <:  *e  to  external  cooxing  from  air  currents 
or  fluctuate  ons  an  the  oxygen  temperature  will  sla  down  the  flame  tr  the  point  where 
the  Feu  does  not  melt  and  fall  off  and  the  flame  will  extinguish  itself.  However,  if 
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some  combustible  material  is  available;  extra  carbon  from  the  steel  pipe  or  some 
oil  trace  inside  the  pipe,  the  temperature  of  the  flame  will  go  up,  the  FeO  will  con- 
tinue to  melt  and  the  flame  vill  continue  to  propagate. 

The  pipe  sections  used  in  the  experiments  had  been  cleaned  and  degreased,  vhich 
may  have  helped  to  extinguish  the  flame. 

During  the  experiments,  it  was  observed  that  for  each  size  of  pipe  there  was  some 
optimum  oxygen  flow  for  continued  combustion,  above  vhich  the  cooling  from  the 
excess  oxygen  extinguished  the  flame.  However,  a plot  of  burning  rate  versus 
oxygen  flow  rate  showed,  despite  the  large  scatter,  that  the  burning  rate  of  the 
pipe  increased  with  oxygen  flow  rate  over  the  whole  range  of  experiments. 

Increasing  the  pipe  size  decreased  the  linear  burning  rate  and  the  time  before  the 
flame  extinguished  itself. 

COHCLUSIOHS 

1.  Clean  steel  pipe  burning  in  an  oxygen  stream  tend  to  extinguish  the 
flame. 

2.  Burning  steel  pipe  can  be  extinguished  by  water. 

3.  The  linear  burning  rate  of  the  pipe  increases  with  increase  in  oxygen 
flow  and  decrease  in  pipe  size. 
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I.  Introduction 

A memo  concerning  a reaction  in  the  reciprocating  nitrogen  recycle 
compressor  system  of  an  air  plant  recently  (l)  suggested  an  investigation 
into  the  limits  of  flammability  of  carbon  steel  in  an  atmosphere  of 
various  mixtures  of  nitrogen  and  oxygen.  This  has  been  a recurrent 
problem  in  air  plant  design  and  some  of  its  aspects  have  been  examined 
by  others.  Kehat  (2)  studied  the  burning  of  steel  pipes  in  which  oxygen 
was  flowing.  This  work  was  mainly  to  determine  the  burning  rate  of  an 
oxygen  carrying  pipe  in  ambient  air  and  was  not  concerned  with  the 
oxygen  concentration  at  the  reacting  interface. 

Kitson  (3)  made  a literature  review  on  this  topic  and  tabulated  ignition 
temperatures  of  several  steels  in  oxygen  at  various  pressures.  This 
work  noted  that  the  infoxmatian  pertaining  to  carbon  steels  was  questionable 
since  lower  ignition  temperatures  were  cited  in  some  cases  in  air  than 
in  oxygen.  No  work  was  cited  which  studied  the  limiting  oxygen  concentration 
in  which  the  burning  of  carbon  steel  would  be  self-propagating. 

This  program  investigates  a method  for  determining  this  limiting  con- 
centration. The  pressure  of  first  importance  for  this  work  was  900  psig, 
the  pressure  at  which  the  reaction  occurred  in  the  air  plant  compressor. 

II.  Experimentation 

The  first  series  of  tests  attempted  to  initiate  the  burning  of  a carbon 
steel  pipe  by  heating  a point  on  the  wall  of  the  pipe  in  which  a flowing 
stream  of  oxygen-nitrogen  mixture  was  maintained.  Ignition  was  not 
achieved  on  the  inside  of  the  pipe  even  with  commercially  pure  oxygen. 

When  ignition  did  occur , it  started  on  the  outside  of  the  pipe  near  the 
exit  hole  and  propagated  to  the  inside. 

An  effort  was  made  to  prevent  the  ignition  on  the  outside  of  the  pipe  by 
first  cladding  it  with  a layer  of  type  308  stainless  steel  as  shown  in 
Figure  1.  This  test  did  not  produce  ignition  of  the  carbon  steel  pipe 
even  though  a molten  pool  of  metal  was  established  with  a welding  torch 
on  the  outside  of  the  pipe  containing  oxygen  at  100  psig  and  maintained 
there  for  several  minutes. 

The  results  of  these  two  tests  indicated  that  the  test  sample  should 
be  enclosed  in  a chamber  maintained  at  the  concentration  and  pressure 
of  interest  at  the  point  where  the  ignition  energy  is  applied.  Kehat  (U) 
in  an  earlier  work  had  used  the  spark  from  a Model  T Ford  ignition  coil 
to  produce  ignition  in  a pressurized  chamber,  but  in  that  experiment 
he  was  only  igniting  vapors  so  it  appeared  appropriate  to  use  a higher 
energy  spark  in  this  test  such  as  the  output  from  an  arc  welding  power 
supply. 

A high  pressure  reaction  chamber  was  fabricated  as  shown  in  Figure  2, 
to  withstand  a working  pressure  of  2900  psig  at  room  temperature.  It 
had  a reaction  space  5/8"  x 1"  x U-l/2"  and  was  equipped  with  a viewing 
window  and  an  electrical  lead-through . The  sample  used  was  a short 
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length  of  1/U"  O.D.  mild  steel  tubing.  A high  pressure  regulator  was 
used  with  a "D"  size  gas  sample  cylinder  to  provide  a flow  of  gas  through 
the  cell  at  the  desired  pressure  and  a metering  valve  on  an  outlet  line 
from  the  cell  controlled  the  flow  rate.  A tungsten  electrode  was  con- 
nected to  the  electrical  leadthrough  and  the  sample  was  grounded  to  the 
chamber  wall  which  was  connected  to  a lead  to  the  power  supply  ground 
to  complete  the  circuit. 

Preliminary  tests  with  this  setup  were  successful  in  igniting  the  sample 
in  oxygen  at  low  pressures  but  as  the  pressure  was  raised  it  became  more 
and  more  difficult  to  establish  the  high  frequency  spark  which  provides 
an  ionized  path  for  the  D.C.  welding  current  to  follow.  The  electrical 
leadthrough  was  modified  to  allow  the  tungsten  electrode  to  be  moved 
against  the  sample  and  then  withdrawn  to  start  the  arc.  This  method 
still  did  not  produce  an  arc  at  900  psig.  It  did,  however,  produce  a 
molten  puddle  on  the  surface  of  the  sample  due  to  the  contact  resistance 
between  the  electrode  and  the  sample.  This  molten  puddle  was  not 
sufficient  to  produce  reliable  ignition.  The  melted  spot  was  in  some 
cases  maintained  for  10  minutes  or  more  in  a pure  oxygen  atmosphere  without 
causing  the  sample  to  bum.  A layer  of  slag,  iron  oxide,  seemed  to  form 
over  the  molten  meted  and  shield  it  from  further  oxidation.  The  gas 
velocity  in  the  chamber  was  only  30-U0  fps  and  not  sufficient  to  blow 
away  the  molten  material  exposing  new  metal  to  propagate  the  reaction. 

The  next  attempt  to  produce  ignition  was  by  heating  the  whole  sample 
rather  than  a point  on  the  sample.  The  tungsten  electrode  was  placed 
in  contact  with  the  sample  and  the  current  raised  to  produce  resistive 
heating  in  the  sample.  The  resistance  of  the  electrical  leadthrough 
turned  out  to  be  higher  than  that  of  the  1/U"  tubing  of  the  sample  and 
its  heating  limited  the  safe  current  to  50  amps.  This  was  insufficient 
to  ignite  this  size  sample. 

The  sample  was  changed  to  a 0.025"  carbon  steel  wire.  This  sample  could 
be  melted  in  any  atmosphere  at  a current  of  less  than  20  amps.  An 
RCA  #SQ253U  photocell  was  mounted  on  the  window  of  the  reaction  cell 
so  that  its  output  in  ohms  could  be  calibrated  by  use  of  an  optical 
pyrometer  to  give  the  temperature  of  the  sample.  Only  two  tests  were 
run  with  this  setup  before  the  project  was  terminated.  The  photocell 
output  had  not  been  calibrated  against  temperature  but  in  oxygen  at 
900  psig  the  reading  at  burnout  was  2500  ohms  and  in  nitrogen  at  the 
same  pressure  it  was  U50  ohms  indicating  as  anticipated  a very  different 
burnout  temperature. 

III.  Recommendat ions 


The  program  from  this  pc  in4'  would  have  been  to  obtain  burnout  temperatures 
from  the  photocell  output  for  several  concentrations  of  oxygen  in  nitrogen 
and  for  several  size  wires.  With  this  data  the  burnout  temperature  could 
be  plotted  against  oxygen  concentration  and  any  discontinuity  in  this 
plot  would  indicate  the  limiting  concentration  for  that  size  sample.  A 
geometry  effect  is  anticipated  since  we  know  that  finely  divided  iron 
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F such  as  steel  wool  will  burn  in  air  but  a bundle  of  baling  wire  will  not. 

The  limiting  concentration  where  nines  and  other  relatively  larce  eomratus 
i will  burn  could  possibly  be  determined  from  the  data  from  several  sizes 

! of  wire  by  plotting  the  limiting  concentration  as  obtained  above  versus 

1/d  where  d is  the  diameter  of  the  wire.  The  curve  of  this  plot  can  be 
extrapolated  to  1/d  = 0 to  dive  the  oxypren  concentration  where  the 
surface  area  to  volume  ratio  the  sample  is  no  longer  important.  The 

accuracy  of  this  extraoolation  will  denend  on  the  scatter  in  the  data. 

| 

1 This  program  only  considered  the  burning  of*  carbon  steel.  The  swne 

equipment  and  techniques  could  provide  ignition  data  for  alloy  steels 
and  for  cast  iron  to  yield  more  conrolete  desirr  information  for  oxygen 
carrying  systems. 
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!•  Introduction 


A question  has  come  up  again  about  the  ignition  temperature  of  various 
steels  in  an  oxygen  containing  atmosphere.  Earlier  this  year  a study 
was  made  for  the  Safety  and  Operations  Departments  of  ignition  limits 
of  carbon  steels  in  an  oxygen-nitrogen  atmosphere  (l).  This  program  was 
terminated  before  any  numerical  results  were  obtained  as  to  the  ignition 
temperatures.  The  new  interest  in  this  area  came  up  as  a result  of  a 
response  to  a request  for  quotes  for  a tonnage  compressor  which  suggested 
alternate  materials  of  construction*  The  stainless  steels  in  question 
here  were  30U,  309,  316,  UlO,  and  IT-U-tni.  v.  Kitson,  in  a literature 
survey  on  this  subject  (2),  tabulated  ignition  temperatures  of  several 
300  and  H00  series  stainless  steels,  and  mentioned  two  of  the  above  group. 
The  comment  made  under  the  "ignition  temperature"  heading  for  type  30U 
was  "Ignition  occurred  within  the  melting  point  range".  Ignition  tempera- 
tures were  given  for  type  UlO  of  2300°F  at  50  psia,  2200Olr  at  300  psia, 
and  2150°F  at  800  psia. 

A study  was  undertaken  to  determine  as  much  as  possible  about  the  ignition 
points  of  these  alloys  in  the  2-1/2  days  before  action  had  to  be  taken  on 
the  compressor  purchase. 

II.  Experimentation 


The  test  apparatus  used  was  that  developed  in  the  earlier  Safety  Department 
work.  This  equipment  consists  of  an  electrical  power  supply  and  a high 
pressure  reaction  cell  which  has  an  insulated  electrical  leadthrough.  A 
sketch  of  a cross-section  of  this  reaction  cell  is  shown  in  Figure  1.  The 
20  amp  current  transformer  used  earlier  had  to  be  replaced  with  a 50  amp 
welding  type  power  supply  to  accommodate  the  1/16"  diameter  wire  of  the 
samples  used  in  these  tests.  The  sample  wire  was  made  a part  of  the  circuit 
by  connecting  it  to  the  electrical  leadthrough.  The  current  of  up  to  55 
amps  at  30  volts  was  passed  through  the  sample  while  it  was  housed  in  the 
reaction  cell  pressurized  with  oxygen  from  a cylinder.  A small  purge  of 
oxygen  is  passed  through  the  cell  during  the  test. 

An  estimate  of  the  temperature  of  the  sample  was  made  by  recording  the 
output  of  a photocell  (FCA  #SQ253U)  placed  on  the  window  of  the  reaction 
cell.  This  photocell  changes  resistance  when  exposed  to  light  radiation 
and  the  resistance  was  measured  with  an  ohmmeter.  The  photocell  output 
was  calibrated  with  temperature  using  an  optical  pyrometer  (Pyrometer 
Instrument  Co.  S.N.  15150)  before  and  after  this  series  of  tests. 

The  test  procedure  was  to  attach  the  sample  to  the  electrical  leadthrough 
and  then  screwing  the  leadthrough  assembly  into  the  reaction  cell.  The 
electrical  lead  was  connected  and  the  cell  purged  with  oxygen.  The  oxygen 
pressure  was  then  raised  to  the  desired  level  by  a high  pressure  regulator 
on  the  oxygen  cylinder.  The  power  was  turned  on  and  the  current  raised  to 
about  35  amps  which  heated  the  sample  to  around  2000°F,  The  current  was 
then  raised  incrementally  and  the  photocell  output  was  recorded  as  soon 
as  it  stabilized  at  the  new  level.  This  was  repeated  until  the  sample 
Ignited.  The  results  of  these  tests  are  shown  in  Table  I. 
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TABLE  I 


IGNITION  TEMPERATURES  OP  SOME 
STAINLESS  STEELS  IN  °F 

Pressure 

Alloy 

200  PSI 

500  PSI 

1000  PSI 

304 

2620 

2530 

2690 

309 

2630 

* 

ft 

316 

2650 

• 

ft 

2350 

ft 

ft 

17-4  PH 

2550 

2520 

2600 

•Not  tested 


An  observation  that  was  a little  surprising  occurred  during  the  calibration 
of  the  photocell  output.  During  this  calibration  the  test  cell  was  purged 
and  pressurized  with  nitrogen  to  prevent  ignition  of  the  sample.  Both 
316  and  30U  steels  were  used  in  these  calibrations.  The  sample  melted  at 
a lower  indicated  temperature  in  nitrogen  than  it  burned  out  in  oxygen. 
Table  II  illustrates  these  results. 


TABLE  II 


200  PSI  1000  PSI 


Alloy 

”2 

o2 

N2 

02 

30U 

2590 

2620 

2610 

2690 

316 

2600 

2650 

* 

• 

•Not  tested 
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III.  Discussion  of  Results 


The  data  of  Table  I seen  to  indicate  that  all  of  these  alloys  except 
type  1*10  are  similar  in  their  resistance  to  ignition.  The  apparent 
increase  in  ignition  temperature  at  the  highest  pressure  was  unexpected 
and  does  not  agree  with  the  very  sketchy  information  on  the  effect  of 
pressure  on  ignition  temperature  that  Mr.  Kitson  was  able  to  locate  in 
the  reference  cited  earlier.  This  increase  was  unmistakable  in  these 
tests. 

The  apparent  lower  melting  in  nitrogen  than  in  oxygen  illustrated  in 
Table  II  possibly  resulted  from  a layer  of  higher  melting  oxides  forming 
on  the  wire  as  it  was  heated  in  oxygen.  This  oxide  layer  then  gave  some 
support  to  the  bulk  of  the  material  as  it  began  to  soften  in  the  melting 
range.  When  heated  in  nitrogen,  there  was  no  supporting  oxide  layer  and 
as  soon  as  the  bulk  material  softened  it  fell  away  terminating  the  test. 
The  difference  between  ignition  and  mere  melting  of  the  sample  may  need 
some  further  definition  but  is  seemed  quite  clear  in  these  tests.  When 
the  sample  melted  a section  1/2"  to  3/H"  long  would  fall  away  from  near 
the  center  of  the  5"  long  sample.  When  ignition  oc cured,  the  entire 
sample  was  consisted. 

The  method  of  temperature  calibration  with  the  optical  pyrometer  is 
estimated  to  have  an  uncertainty  of  ♦_  100°F. 

IV.  Recommendations 


i 

i 


This  program  was  conducted  under  very  severe  time  limitations  in  that 
only  2-1/2  days  were  available  before  a decision  had  to  be  made  on  the 
compressor  procurement.  Any  apparatus  modification  and  the  thoroughness 
of  the  data  taken  had  to  be  tailored  to  this  time  limit.  Only  one  Vst 
was  run  at  each  condition  so  there  is  no  evidence  from  which  to  estimate 
repeatability.  More  tests  should  be  run  not  only  to  fill  in  the  blanks 
in  Table  I but  also  to  verify  the  data  which  were  obtained. 

There  was  no  consideration  given  to  an  effect  on  ignition  from  the  size 
of  the  wire.  We  know  that  a very  fine  wire  in  the  fora  of  steel  wool  will 
burn  in  air  but  a heavier  wire  will  not.  Will  a fine  wire  have  a different 
ignition  temperature?  Tests  should  be  run  with  several  sizes  of  wire  in 
the  same  alloy  to  determine  if  there  is  a size  effect. 

The  uncertainty  in  the  temperature  calibration  could  be  reduced  by  using 
thermocouples  or  some  other  more  sophisticated  temperature  measuring 
device. 

There  is  still  insufficient  information  aval lab.,  on  ignition  temperatures 
of  other  steels,  even  common  mild  steel  or  cast  iron.  Once  the  apparatus 
is  tet  up  a whole  range  of  materials  should  be  looked  at  rather  than  to 
set  up  each  time  to  obtain  information  on  one  or  two  materials  as  required. 
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Manor  systems  process  oxygen-nitrogen  mixtures . The  effect  on  ignition 
temperature  of  the  addition  of  various  amounts  of  nitrogen  to  the  oxygen 
should  also  be  investigated. 

V.  References 


1.  Bailey*  B.*  "Ignition  Limits  of  Carbon  Steel  in  Oxygen-Nitrogen 
Atmospheres",  APCI  Technical  Memorandum  No.  112*  May  8*  1968. 

2.  Kitson*  P.  K.,  "Ignition  of  Steels  in  Oxygen  Atmospheres” , APCI 
Safety  Department  Report*  August  22,  1962. 
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1.  GENERAL 


Periodic  inspection  by  districts  of  their  customer  bulk  gas  supply  systems 
(cylinder  banks,  hydril  tubes,  tube  trailer  stations,  etc.)  are  essential 
for  trouble-free  operation. 

2.  INSPECTION  REOUIRBIEllTS 


Districts  will  prepare  an  inspection  and  maintenarce  schedule  whereby 
each  customer  bulk  gas  supply  system/installation  shall  be  inspected 
for  condition  as  required  by  IGD  form  3097*  once  every  six  months. 

3.  CONTAINER  IDENTIFICATION 

The  container  or  assembly  of  containers  (tubes  or  cylinders)  shall  be 
provided  with  a decal  or  placards  identifying  the  product.  The  decal 
or  placards  must  be  visible  from  the  loading  or  charging  position. 

Cylinders  used  in  storage  banks  at  hospitals  shall  be  painted  "Medical 
Green,"  but  should  utilize  the  standard  un-chromed  industrial  gas 
service  valves.  The  paint  change-over  from  "Industrial  Green”  to 
"Medical  Green"  should  be  made  during  the  next  bank  disassembly  for 
repairs  or  retesting. 

4.  RECORD  REQUIREMENTS 

4.1  The  results  of  the  districts'  semi-annual  inspections  shall  be 
recorded  on  IGD  form  3097  (see  Exhibit  A).  It  is  to  be  re- 
tained at  the  district  for  determining  subsequent  maintenance, 
and  for  record  purpose. 

4.2  The  data  accumulated  by  form  3097  vill  be  used  as  applicable  to 
fill-out  the  Customer  Storage  Installation  Inspection  Summary, 
form  3242,  (See  Exhibit  B)  which  shall  list  all  customer  storage 
banks  and  tube-trailer  stations  inspected  over  a three  month 
period. 
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4.2.1  The  "Summary"  (form  3242)  shall  be  used  for  either 
liquid  installations  as  required  by  Section  4.2.3  and 
for  gaseous  installations  as  required  herein.  A 
separate  form  shall  be  used  for  liquid  installations  and 
a separate  form  for  gaseous  installations. 

4.2.2  Identify  form  use  by  checking  the  appropriate  block 

(□gaseous,  or  I"*"!  liquid)  provided  at  the  upper  right 
corner  of  the  3242  form.  Since  form  3242  is  to  serve  as 
a summary  for  reporting  inspections  made  over  a 3 month 
period  it  should  list  as  many  inspections  as  can  f eas illy 
be  recorded  on  one  sheet.  Sheets  shall  be  numbered  con- 
secutively 1 of , 2 of , etc.,  in  the  space  provided 

at  the  upper  right  corner  on  the  form. 

4.2.3  The  "Summary"  (for-  3242)  vill  be  prepared  by  districts 
on  a quarterly  (1st  quarter  starting  January  1st)  basis. 
One  copy  will  be  forwarded  to  the  Manager  of  Engineering, 
IGD  at  the  Division  Office  within  five  (5)  days  after 
the  termination  of  a quarterly  period.  One  copy  shall 
be  retained  by  the  district  for  record  purposes. 

5.  EXHIBITS 

A facsimile  of  form  3097  and  3242  required  by  the  above  are  depicted 
by  Exhibit  A and  Exhibit  B which  accompany  this  procedure. 
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MAINTENANCE  AND  INSPECTION  REPORT 

• FOR  CUSTOMER  BULK  GAS  SUPPLY  SYSTEM 


Customer  Name  & Address Date 

District^ 

Person  Contacted Inspector 

Gas: 


Cylinder  Storage  or  Hydril  Tube  Bank 


Number  of  cylinders  or  tubes:  Main  Bank;_ Reserve 

All  fittings , valves  and  cylinders  were  soap  tested  _____  yes;  no. 

Cylinder  Retest  Date Main  Bank; Reserve 

Cylinder  or  Tube  Condition Good;  Pair;  Poor 

Frame  and  Supports  Condition Goo<*  _ Fair;  __________  Poor 


Tube  Trailer 


All  fittings,  valves,  and  hoses  * 

Date  stamped  on  hose  fittings 

For  Hydrogen : ELectr'  V* 

^ Model 

— 

Reserve  Supply . Av  

Houseline 


. (V) 


/stem 


Good; 


yes: 


no. 


Fair; 


Poor 


Pressure  Regulators: 


Set  Pressure 


In  use  supply  .... 


Other 


psig 

psig 

psig 

psig 


Los  Pressure  Alarms:  Alarm  Setting 


Location  - Supply psig 

Reserve psig 

Houseline _________  P8*® 

Other psig 

Paint  Condition Good;  Fair;  Poor 

Decal  Condition Good;  Fair;  Poor 


Miscellaneous  Equipment:  (List  and  Indicate  Condition) 


\ 


\ 


rf 


List  Repairs  and  Maintenance  Performed: 


General  Remarks:  (Indicate  Maintenance  not  performed  and  when  it  will  be 

completed) 


Safety : List  any  unsafe  conditions.  Be  specific. 


Appropriate  signs  posted yes; no. 
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MAINTENANCE  AND  INSPECTION  REQUIREMENTS 
Tor 

BULK  LIQUID  CUSTOMER  INSTALLATIONS 


INDEX  TO  CONTENTS 

Par.  1.... General 
Par.  2.... Inspection  Requirements 
Par.  3> •.•Container  Identification 
Par.  4* ...Record  Requirements 
Par  * 5* • . .Exhibits 


1.  GENERAL 

Periodic  inspections  by  districts  of  their  Bulk  Liquid  Customer  Installations  are 
essential  for  trouble-free  operation. 

2.  INSPECTION  REQUIREMENTS 

Districts  will  prepare  an  inspection  and  maintenance  schedule  whereby  each  customer 
station  will  be  subject  to  inspection  for  condition  as  required  by  IGD  form  3080, 
once  every  six  (6)  months. 

3.  CONTAINER  IDENTIFICATION 

The  storage  tank  shall  be  provided  with  a decal  identifying  the  product.  The  decal 
must  be  visible  from  the  loading  and  unloading  position. 

4.  RECORD  REQUIREMENTS 

The  results  of  the  districts1  semi-annual  inspections  shall  be  recorded  on  IGD  form 
;3080  (see  I&chibit  "A”).  It  is  to  be  retained  at  the  district  for  determining  sub- 
sequent maintenance,  and  for  record  purpose. 

Data  accumulated  by  the  3080  form  will  be  used  (as  applicable)  to  fill  out  the  "Bulk 
Liquid  Customer  Installation  Inspection  Summary"  report  (see  Exhibit  "3")  which  shall 
list  all  customer  stations  inspected  over  a previous  three  (3)  month  period. 

'"he  "Summary"  (form  #3242)  will  be  prepared  by  districts  on  a quarterly  basis  (1st 
quarter  starting  January  1st).  One  (l)  copy  will  be  forwarded  to  the  Manager  of 
Engineering,  IGD  at  the  division  office  within  five  (5)  days  after  termination  of 
quaKsrly  period.  One  (1)  copy  shall  be  retained  by  the  district  for  record 
purposes. 

5 . DCHIDITS 

'*  facsimile  of  form  3080  and  3242  required  by  the  above  are  depicted  by  Exhibit  " 
and  Exhibit  "8"  which  accompany  this  procedure. 
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cadres s 

Person  fcontacte 
Product 


District^ 

Inspector 


Liquid  Tank:  Capacity  Gallons  Tank  Mfg. 

APCI  Serial  No.  National  Board  No. 

Instrument  Readings:  Tank  Pressure PS 10  Houseline  Pressure 

Liquid  Level  In.  H«0 

Pressure  Control  Settings:  PCV-1  Tank  Pressure  PSIG 

PCV-2  Houseline  Pressure  PSIG 

PCV-3  Economizer  Circuit  PSIG 

Low  Liquid  Level  Alarm  Set  at  In.  HgO  —————— 

Tank  Vacuum  Reading:  Microns  Note:  Tanks  with  vacuum  reading  of  higher 

than  200  microns  shall  be  evacuated  to  a maximum  of  50  microns  (cold).* 

Tank  Paint  Condition:  Good  Fair  Poor  Repainted  * 

Tank  Product  Decal  Conspicuously  Located  and  in  Good  Condition  Replaced 


Control  Cabinet  Condition: 

Door  Hinges  and  Latching  Mechanism 
Valve  Packing  (Check  for  Leaks) 

Valve  Handwheels  (Check  for  Rusting) 

Regulator  Operation  - ■ 

Check  relief  devices  for  proper  pressure  se 
ting,  size,  and  condition 
Pressure  Gages  and  Liquid  Level  Gage 
Fill  Connection  (Check  Threads  and  S 
Piping  (Soap  Test  for  Leaks) 

Gen'l  condition  (Interior  Cleanl 
Condition,  Brackets  and  8 
Electrical  Supply  Box  Condit 
Customer  Data  Label  on  Ins 
Vaporiser:  Condition : Goo< 

Operation : Good 

Type:  Ambient  Air  ^ 

Total  KrostV 
Steam  Mfg.  N.  y 

Steam  Control  station  Condition 

Electric Mfg. 

Safety;  List  any  unsafe  conditions.  Be  specific. 


Repaired 


Repaired 


Repaired 


No*  Units  Tot*  Cap. 

375  Full 


Repaired 


Poor  I Repai red* 


Condition : Good  Fair  _ 

(Soap  Check  for  Leaks 
Indicate  Condition  of  - 

Concrete  Pad  and  Foundation  - - - 
Trailer  Access  Area  - - - - - 


Area  Drainage  - - - 

Area  Lighting  - 

Miscellaneous  Bgujj gfiggfcs  (Gas  Reserve  Bank,  Auxiliary  Regulators,  External  Pressure  Buildup 

Coil,  Etc.)  List  all  items  not  mentioned  above  and  indicate  condition 
and  maintenance  performed  or  required.  Use  back  side  of  this  sheet. 
List  all  discrepancies  which  were  not  corrected  at  time  of  inspection. 

‘Detail  all  repairs  and  maintenance  performed  on  back  side  of  this  sheet. 
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LOADING  AND  UNLOADING  OPERATIONS 


1.  PURPOSE 

* 

This  standard  describes  the  safety  regulations  for  loading  and  unloading 
operations  performed  by  licensed  drivers. 

2.  SCOPE 

Encompassed  are  all  Air  Products  and  Chemicals,  Inc.  licensed  drivers,  and 
leased  and  common  carrier  drivers. 

3.  GENERAL  INFORMATION  ON  GASES  AND  CRYOGENIC  LIQUIDS 

The  products  transported  by  Air  Products  and  Chemicals,  Inc.  and  a brief 
description  of  these  products  is  listed  below: 

A.  Oxygen  - A fire  or  explosion  occurs  when  oxygen,  a flammable  material, 
and  a source  of  ignition  are  present  in  the  required  combination.  Any 
two  of  the  three  items  cannot  result  in  combustion.  In  the  handling 
of  oxygen  it  is  inportant  to  isolate  oxygen  from  flammable  materials 
and  from  sources  of  ignition.  Many  combustible  materials  such  as 
hydrocarbons  (alcohol,  coal  dust,  gasoline,  oils,  etc.)  and  other 
materials  may  result  in  an  explosion  when  in  contact  with  liquid 
oxygen.  Ignition  can  result  from  an  impact  or  shock,  as  well  as 
heat. 

Oxygen  itself  will  not  burn.  However,  combustion  v/ill  be  more  rapid 
or  even  explosive  in  an  oxygen  enriched  atmosphere.  If  clothing  be- 
comes saturated  with  oxygen,  personnel  should  remain  in  a well  venti- 
lated area  for  one-half  hour  while  slapping  their  clothing  to  aid  in 
dispersion  of  the  oxygen.  It  is  forbidden  to  smoke  or  approach  open 
flames  or  sparks  during  this  one-half  hour  period,  as  clothing  may 
ignite  and  bum  violently  resulting  in  severe  flesh  bums  or  a fatality. 
Oxygen  saturated  clothing  should  be  changed  immediately,  if  possible. 

Oxygen  concentrations  in  excess  of  25  per  cent  are  hazardous  due  to 
increased  combustibility  and  if  any  doubt  exists  regarding  the  oxy- 
gen concentration  in  a working  area,  the  atmosphere  should  be  checked 
with  an  analyzer. 

Teflon  ribbon  dope  is  the  only  threading  compound  approved  for  use  in 
oxygen  service  due  to  the  flammability  of  most  threading  compounds, 
(570.5.1). 
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All  Information  hereon  it  (ho  confidential  property  of  Air  Product*  and 
Chemicals,  Inc.,  union  another  source  1*  shown,  is  *ub|oct  •©  return  on  do* 
mand  and  must  not  be  disclosed  or  reproduced  without  prior  written  content. 
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GENERAL  INFORMATION  ON  GASES  AND  CRYOGENIC  LIQUIDS  (Cont»d) 

B.  Acetylene.  Hydrogen.  Propane  - These  gases  and  liquids  are  flammable. 
In  handling  these  products  it  is  important  to  prevent  an  accumulation 
of  vapor  or  liquid  in  contact  with  air  (approximately  21  per  cent  oxy- 
gen), and  to  preclude  the  source  of  ignition.  Flammable  gases  in 
compressed  tubes  or  cylinders  may  be  ignited  if  rapidly  discharged 
into  air  due  to  the  heat  generated  by  friction.  The  inhalation  of 
propane  and  hydrogen  gas  is  only  hazardous  in  that  they  are  simple 
asphyxiants.  Concentrations  above  50  per  cent  produce  symptoms  of 
rapid  respiration  and  concentrations  of  75  per  cent  and  above  are 
fatal  in  a matter  of  minutes.  Acetylene  gas  is  not  poisonous  if 
inhaled,  although  inhalation  of  excessive  concentrations  should  be 
avoided  due  to  the  anesthetic  effect. 

C.  Nitrogen.  Argon  - These  vapors  are  non-flammable  and  the  hazard 
associated  with  the  vapors  is  asphyxiation  as  discussed  under  the 
previous  section. 

D.  Cryogenic  Liquids  - It  is  prohibited  to  place  solids  or  liquids  in 
cryogenic  liquids  to  watch  the  effect  of  the  material  in  the  liquid. 

A warm  object  placed  in  a cryogenic  liquid  will  result  in  the  liquid 
boiling  and  splashing.  Likewise,  cryogenic  liquids  poured  into  a 
warm  container  will  result  in  violent  boiling  and  splashing. 

Cryogenic  liquids  end  gases  must  not  be  sealed  in  a transfer  hose  or 
piping  unless  protected  by  a safety  relief  device.  Vaporization  of 
liquid  oxygen  results  in  an  expansion  ratio  of  862  to  1 when  warmed 
to  70°F.  At  atmospheric  pressure,  the  temperature  of  liquid  oxygen 
is  -297* 3°F;  liquid  nitrogen  is  -320. 5°F;  and  liquid  hydrogen  is 
-423 *0°F.  Skin  contact  with  these  cryogenic  temperatures  will  result 
in  severe  bums. 

Emergency  treatment  for  bums  due  to  cryogenic  liquids  is  as  follows: 

(1)  Flush  the  affected  area  for  15  minutes  with  clean  water  to 
prevent  freezing  of  the  flesh. 

(2)  All  bums  due  to  cryogenic  liquids,  shall  be  treated  by  a 
physician  as  soon  as  possible.  Do  not  try  to  administer  first- 
aid,  other  than  flushing  the  affected  area  as  noted  above. 
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LOADING  AND  UNLOADING  OPERATIONS 


k.  TRUCK  AND  TRAILER  PORTABLE  GAS  CYLINDERS  LOADING  AND  UNLOADING 

% 

The  safety  precautions  to  be  exercised  in  the  loading  and  unloading  of 
miscellaneous  cargo  and  portable  compressed  gas  cylinders  are  as  follows: 

A.  The  trailer  landing  wheels  shall  be  locked  in  place  prior  to 
disengaging  the  trailer. 

B.  Wheel  chocks  are  required  in  place,  in  addition  to  locking  brakes 
when  parking  a tractor  and/or  trailer. 

C.  There  shall  be  no  smoking,  sparks  or  open  flames  within  a minimum 
distance  of  100  feet  of  loading  or  unloading  of  flammable  gases 
and  liquids  or  within  25  feet  of  gaseous  and  liquid  oxygen. 

D.  All  cylinders  shall  be  secured  to  prevent  cylinders  from  falling  over. 

E.  The  driver  shall  check  the  side  and  rear  gates  on  the  truck  to  insure 
the  gates  are  in  a locked  position. 

5.  CRYOGENIC  LIQUID  TRAILERS 

The  safety  precautions  to  be  exercised  in  the  loading  and  unloading  of 
cryogenic  trailers  are  listed  below: 

A.  Vehicles  shall  not  enter  area  containing  an  oxygen  enriched 
atmosphere  or  a flammable  gas  atmosphere.  Also,  vehicle  engines 
shall  not  be  started  in  any  atmosphere  suspected  of  containing 

a high  oxygen  concentration  or  a flammable  gas.  A vehicle  shall 
not  enter  a loading  area  until  permission  has  been  granted  by  the 
personnel  responsible  for  the  loading  operation.  Permission  will 
be  given  after  ascertaining  that  the  immediate  area  is  not  hazardous 
due  to  venting  trailers.  Similarly,  a vehicle  engine  shall  not  be 
started  in  preparation  to  move  a trailer  until  permission  has  been 
granted  by  the  personnel  responsible  for  loading  operation.  At  no 
time  is  the  engine  to  be  started  or  allowed  to  run  during  loading 
or  unloading  of  the  trailer. 

B.  Wheel  chocks  are  required  in  place,  in  addition  to  locking  brakes 
when  parking  a trailer. 

C.  The  motor  vehicle  shall  not  be  disengaged  or  engaged  to  a trailer 
when  a transfer  hose  is  connected  to  the  trailer. 
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5.  CRYOGENIC  LIQUID  TRAIIERS  (Cont'd) 

D.  Oxygen  loading  and  unloading  is  prohibited  in  the  vicinity  of 
simultaneous  loading  or  unloading  of  gaseous  or  liquid  fuel. 

E.  There  shall  be  no  smoking,  sparks,  or  open  flames  within  a minimum 
distance  of  100  feet  of  loading  or  unloading  of  a flammable  liquid 
or  LOX.  The  tractor  ignition  switch  and  light  circuit  must  be 
turned  off  during  loading  or  unloading  operations. 

F.  A driver  shall  not  go  into  a loading  area  which  he  considers  to  be 
unsafe.  He  shall  immediately  contact  his  supervisor  and  explain 
the  unsafe  condition  in  detail. 

G.  On  hydrogen  trailers  the  electric  ground  wire  shall  be  attached  to 
the  trailer  prior  to  connecting  the  transfer  hose  for  loading  or 
unloading  operations. 

H.  Loading  and  unloading  operations  shall  not  commence  or  continue  if 
a leak  develops  or  if  any  condition  exists  w.iich  would  be  hazardous 
to  the  transfer  operation.  It  is  prohibited  to  hammer  a transfer 
hose  connection  while  transfer  is  being  made. 

I.  Steam  or  hot  water  should  be  used  to  thaw  frozen  piping  or  equipment. 

* Frozen  valves  should  be  thawed  by  directing  water  on  the  valve  bonnet 

and  extension  below  the  packing  nut.  Never  direct  water  on  the  packing 
nut  or  packing  area. 

J.  Personnel  loading  and  unloading  liquid  tanks  shall  repeat  to  their 
supervisor  any  foreign  deposits  observed  in  transfer  hoses  or  in 
fill  and  drain  connections. 

K.  Prior  to  disconnecting  a liquid  transfer  line,  the  line  shall  be 
drained;  never  assume  a line  has  been  drained  by  another  person. 

L.  In  the  event  of  a liquid  spill  while  transferring  liquid,  the 
trailer  shall  be  checked  in  detail  for  damage,  such  as  frozen 
tires,  fractured  metal,  etc.,  prior  to  moving  the  trailer. 

M.  The  transfer,  drain  and  fill  lines  should  be  capped  at  all  times 
when  not  in  use. 
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LOADING  AND  UNLOADING  OPERATIONS 


5.  CRYOGENIC  LIQUID  TRAILERS  (Cont'd) 

N.  Prior  to  starting  the  tractor  engine,  the  driver  shall  make  a 
complete  circuit  of  the  trailer  to  insure  the  transfer  line  is 
disconnected,  electric  grounds  removed,  wheel  chocks  removed 
and  stored  in  their  proper  location,  and  compartment  doors 
closed  and  latched. 

NOTE:  Failure  to  disconnect  a transfer  hose  prior  to 

moving  a trailer  shall  be  considered  a serious 
infraction  of  safety. 

O.  The  following  personnel  protection  should  be  worn  during  liquid 
loading  or  unloading: 

(1)  Insulating  gloves  (asbestos,  rubber,  leather); 

(2)  Chemical  goggles; 

(3)  During  oxygen  loading,  clothing  shall  be  free  of  grease 
and  oil. 

6.  TUBE  TRAILER 

The  safety  precautions  to  be  exercised  in  the  filling  and  unloading  of 
tube  trailers  are  listed  below: 

A.  The  trailer  landing  wheels  shall  be  locked  in  place  prior  to 
disengaging  the  trailer.  The  tractor  shall  be  disengaged  and 
removed  from  the  area  after  parking  a hydrogen  trailer. 

B.  Wheel  chocks  are  required  in  place,  in  addition  to  locking  brakes 
when  parking  a tractor  and/or  trailer. 

C.  The  motor  vehicle  shall  not  be  disengaged  or  engaged  to  a trailer 
when  a transfer  hose  is  connected  to  the  trailer. 

D.  Oxygen  loading  and  unloading  is  prohibited  in  the  vicinity  of  simul- 
taneous loading  or  unloading  of  gaseous  or  liquid  fuel. 

E.  There  shall  be  no  smoking,  sparks,  or  open  flames  within  a minimum 
distance  of  100  feet  of  loading  or  unloading  of  a flammable  gas  or 
within  25  feet  of  loading  or  unloading  of  oxygen. 
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. TUBE  TRAILERS  (Cont'd) 

F.  A driver  shall  not  go  into  a loading  area  which  he  considers  to  be 
unsafe.  He  shall  immediately  contact  his  supervisor  and  explain 
the  unsafe  condition  in  detail. 

G.  On  hydrogen  trailers,  the  electric  grounding  wire  must  be  secured 
to  the  trailer  prior  to  commencing  loading  or  tinloading  operations. 

H.  Loading  and  unloading  operations  shall  not  commence  or  continue  if 
a leak  develops  or  if  any  condition  exists  which  would  be  hazardous 
to  the  transfer  operation. 

I.  Prior  to  disconnecting  the  transfer  hose,  the  pressure  should  be 
relieved  by  opening  the  vent  valve. 

J.  The  transfer,  drain  and  fill  lines  should  be  capped  at  all  times 
when  not  in  use. 

K.  Prior  to  starting  the  tractor  engine,  the  driver  shall  make  a 
complete  circuit  of  the  trailer  to  insure  the  transfer  line  is 
disconnected,  electric  grounds  removed,  wheel  chocks  removed 
and  stored  in  their  proper  location,  and  compartment  doors 
closed  and  latched. 

NOTE:  Failure  to  disconnect  a transfer  hose  prior 

to  moving  a vehicle  shall  be  considered  a 
serious  infraction  of  safety  rules. 

L.  The  following  personnel  protection  should  be  worn  during  tube 
trailer  loading  and  unloading: 

(1)  Monogoggles  and  gloves  will  be  worn  when  operating  valves, 
when  making  or  breaking  transfer  hose  connections,  and 
when  standing  in  front  of  a tank  or  tanker  control  cabinet 
during  product  transfer.  Safety  glasses  and  face  shields 
may  be  considered  a suitable  substitute  for  the  monogoggles. 

(2)  Hard  hats  will  be  worn  in  plant  areas.  Air  Products  Facilities 
and  customer  locations,  where  required  by  local  plant  safety 
rules. 

(3)  During  oxygen  loading,  clothing  shall  be  free  of  grease 
and  oil. 
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FIRE  EXTINGUISHMENT 


1.  PURPOSE 

This  standard  describes  the  policy  and  procedure  for  fire  extinguishment. 

2.  SOPH: 

This  standard  encompasses  all  vehicles  operated  by  Air  Products  and 
Chemicals,  Inc. 

3.  POLICY  AND  PROCEDURE 

The  environment  under  which  a fire  may  originate  is  difficult  to  anticipate. 
Each  situation  must  be  met  with  clear  thinking,  resulting  in  quick  action 
to  prevent  injury  to  the  public,  to  prevent  equipment  and  property  damage, 
and  to  retard  propagation  of  the  fire.  The  material  presented  below  is 
offered  as  a guide  to  aid  in  determining  the  proper  course  of  action. 

A.  Fires  Involving  Trucks  and  Truck-tractors 

The  truck  driver,  upon  discovering  a fire,  should  immediately  pull 
the  motor  vehicle  to  tne  side  of  the  road  into  the  least  hazardous 
area.  When  on  the  highway,  it  is  advisable  to  turn  off  on  a side 
road  or  lane,  if  available.  The  ignition  should  be  turned  off  and 
the  fire  extinguisher  removed  from  the  cab. 

(1)  If  the  fire  originates  in  the  vicinity  of  the  engine,  the 
following  action  should  be  taken: 

a.  Attempt  to  extinguish  the  fire  with  the  extinguisher. 

If  the  fire  is  not  extinguished  when  the  extinguisher 
is  depleted,  attempt  to  smother  the  fire  by  throwing 
sand  or  dirt  on  the  burning  area. 

b.  Stop  a passing  vehicle  with  a minimum  interruption  of 
the  fire  fighting  and  request  someone  to  summon  aid 
from  the  nearest  fire  and  police  department. 

c.  Do  not  leave  the  scene  until  the  fire  has  been  completely 
extinguished  and  the  burning  material  cooled  to  a tempera- 
ture which  would  preclude  the  possibility  of  reignition. 

d.  The  driver  should  then  report  the  fire,  extent  of  damage, 
and  request  instructions  from  his  supervisor. 
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POLICY  AND  PROCEDURE  (Cont'd) 

A.  Fires  Involving  Trucks  and  Truck-tractors  (Cont'd) 

(2)  If  the  fire  originates  on  a wheel  (brake  lining  or  hydraulic 
brake  system)  without  involving  the  tire,  proceed  as  in  Section  I. 

(3)  If  the  fire  originates  on  a tire,  the  following  action  should 
be  taken:  • 

a.  Attempt  to  extinguish  the  fire  with  water,  if  available, 
or  with  the  extinguisher  until  depleted,  then  with  sand 
or  dirt. 

b.  Stop  a passing  vehicle  with  a minimum  interruption  of 
the  fire  fighting  and  request  someone  to  summon  aid 
from  the  local  fire  and  police  departments. 

c.  Do  not  leave  the  scene  until  the  temperature  of  the  tire 
is  sufficiently  lowered  to  preclude  the  possibility  of 
reignition  of  the  tire.  Tires  may  reignite  as  much  as 
20  to  30  minutes  after  the  initial  fire  has  been  ex- 
tinguished, and  under  test  have  reignited  as  many  as 

10  to  12  times. 

d.  The  driver  should  then  report  the  fire,  *he  extent  of 
damage,  and  request  instructions  from  his  supervisor. 

NOTE:  Tire  fires  are  a result  of  excessively  high  temperatures. 

Adequate  precautions  will  reduce  th-  number  of  tire  fires. 

These  high  temperatures  usually  result  from: 

/l/  Overloading 

/2/  Under  inflation 

/3/  High  speed 

/k/  High  ambient  air  and  road  temperature 

/5/  Chafing  and  rubbing  of  dual  tires  when  soft 
or  flat. 
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3*  POLICY  AND  PROCEDURE  (Con't) 

B.  Fires  Involving  Hydrogen  Cryogenic  Tankers  or  Tube  Trailers 

A hydrogen  fire  propagates  very  rapidly  and  for  this  reason  is  diffi- 
cult to  extinguish.  If  liquid  hydrogen  spills  on  the  ground  from  a 
tank,  the  liquid  rapidly  vaporizes,  and  being  colder  than  ambient  air, 
will  produce  a vapor  cloud  plume.  When  a source  of  ignition  is  present, 
the  flame  will  rapidly  flash  back  to  the  source  and  consume  the  hydrogen 
in  a very  short  time.  If  the  hydrogen  is  not  confined,  an  explosion  will 
probably  not  take  place.  Hydrogen  gas  venting  very  rapidly  or  impinging 
on  a metal  surface  may  ignite  due  to  the  heat  of  friction.  An  example 
of  this  might  be  a rupture  in  a high  pressure  fill  line  which  could 
ignite  from  the  heat  of  friction.  Caution  must  be  exercised  in  the 
vicinity  of  a suspected  hydrogen  fire  due  to  the  invisible  nature  of 
the  flame.  If  a foreign  material  is  involved  in  the  fire,  the  flame 
will  be  visible,  but,  if  hydrogen  is  the  only  source  of  fuel,  the 
fire  can  only  be  detected  by  heat  waves. 

The  following  actions  should  be  taken  in  the  event  of  a hydrogen  fire: 

(1)  Attempt  to  shut  off  the  supply  of  hydrogen.  In  the  event 
a shut-off  valve  is  inaccessible  due  to  heat,  fog  nozzles 
may  be  used  when  local  fire  equipment  is  available  to  afford 
personnel  protection  in  approaching  the  valve. 

(2)  Restrict  the  area  for  a minimum  distance  of  600  feet  in  all 
directions,  and  dispatch  someone  to  summon  the  aid  of  the 
local  fire  and  police  department. 

(3)  Request  the  local  fire  department  to  contain  the  fire  by 
playing  water  on  nearby  flammable  material  and  on  the  tank 
or  tube  to  lower  the  temperature  and  prevent  rupture  of 
the  vessel.  The  vessel  head  is  the  most  likely  location 
for  rupture  to  occur,  and  therefore,  fire  fighters  should 
be  positioned  at  a safe  distance  on  the  side  of  the  trailer, 
never  directly  to  the  :ear  of  the  trailer. 

(4)  If  the  fire  is  due  to  an  extremely  small  leak,  it  may  be 
possible  to  snuff  out  the  fire  with  the  purge  nitrogen 
cylinder  supplied  on  some  trailers.  If  the  fire  is  large, 
allow  the  fire  to  bum  out.  Hydrogen  vapors,  if  dispersed 

by  water  streams,  may  concentrate  in  a more  hazardous  location 
and  reignition  may  take  place. 


\ 


*< 

% 


A a*^  Chmtea& 


All  inlorM0ii«n  hereon  it  the  confidential  properly  of  Air  Products  and 
Chemical*,  Inc.,  unlet*  another  source  is  shown,  it  subject  to  return  on  de- 
mot'd end  moil  net  bo  disclosed  or  reproduced  without  prior  written  content. 


Feb 


Dote 

1968 


i 


635.30 

Page  4 


SAFETY  STANDARDS 

635  FLEET  SAFETY 


FIRE  EXTINGUISHMENT 


• POLICY  AND  PROCEDURE  (Cont'd) 

B.  Fires  Involving  Hydrogen  Cryogenic  Tankers  (Cont'd) 

(5)  Do  not  leave  the  scene  until  a positive  check  has  revealed 
that  the  hydrogen  source  is  completely  depleted  or  shut  off 
and  the  tank  temperature  is  sufficiently  cooled  down  to 
prevent  further  venting  and  reignition. 

(6)  The  driver  should  then  report  the  fire,  the  extent  of  damage, 
and  request  instructions  from  his  supervisor. 

C.  Fires  Involving  Oxygen  Cryogenic  Tankers  or  Tube  Trailers 

A fire  involving  high  oxygen  concentrations  will  result  in  flames 
of  much  greater  intensity  than  in  air.  The  procedure  in  fighting 
the  fire  would  be  the  same  as  standard  fire  fighting  techniques 
once  the  source  of  oxygen  is  shut  off.  The  course  of  action  to 
be  taken  is  as  follows: 

(1)  Attempt  to  shut  off  the  supply  of  oxygen.  In  the  event  a 
shut-off  valve  is  inaccessible  due  to  heat,  fog  nozzles 
may  be  used  when  local  fire  equipment  is  available  to 
afford  personnel  protection  in  approaching  the  valve. 

(2)  Restrict  the  area  for  a minimum  distance  of  600  feet 
and  dispatch  someone  to  summon  the  aid  of  the  local 
fire  and  police  departments. 

(3)  The  fire  should  be  extinguished  as  rapidly  as  possible 
with  water  streams.  Oxygen  will  not  burn;  therefore, 
the  burning  material  should  be  cooled  below  its  ignition 
temperature  to  extinguish  the  fire.  Tne  increase  in  tank 
or  tube  temperature  may  result  in  a rupture  of  the  vessel. 

The  vessel  head  is  the  most  likely  location  for  rupture 

to  occur,  and  therefore,  fire  fighters  should  be  positioned 
at  a safe  distance  on  the  side  of  the  trailer;  never  directly 
to  the  rear  of  the  trailer. 

(4)  Do  not  leave  the  scene  until  a positive  check  has  determined 
that  the  burning  material  is  sufficiently  cooled  to  prevent 
reignition. 

(5)  The  driver  should  then  report  the  fire,  the  extent  of  damage, 
and  request  instructions  from  his  supervisor. 
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3.  POLICY  AND  PROCEDURE  (Cont'd) 

D.  Fire  Extinguishers 

An  approved  fire  extinguisher  shall  be  provided  on  each  motor 
vehicle.  The  extinguisher  shall  be  maintained  in  a full  con- 
dition with  the  seal  intact  and  mounted  in  an  appropriate 
hanger.  If  the  extinguisher  is  activated,  a replacement 
shall  be  provided  until  the  original  extinguisher  is  com- 
pletely charged. 

E.  Each  tractor  and  pumper  shall  carry  one  5 pound  dry  chemical 
extinguisher  mounted  inside  the  cab  and  one  30  pound  dry  chemical 
extinguisher  mounted  on  the  outside  of  the  cab. 

F.  Each  straight  truck  shall  carry  one  5 pound  dry  chemical  exting- 
uisher. 

G.  Each  liquid  hydrogen  tanker  shall  carry  a minimum  of  one  20  pound 
dry  chemical  extinguisher. 
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HAZARD  LEVEL  OF  HYDROCARBON  FILMS  IN 
SYSTEMS  CONTAINING  LIQUID  AND  GASEOUS  OXYGEN* 

E.  Kehat 

Air  Products  and  Chemicals,  Inc, 

Allentown,  Pennsylvania 


Introduction 

The  object  of  this  work  was  todetermine realistic  standards  of  cleanliness  in 
systems  containing  liquid  and  gaseous  oxygen.  An  arbitrary  figure  of  4 mg/ft2 
[1]  had  been  set  by  examination  of  systems  that  had  caused  no  trouble  in  the  past. 
It  was  felt  that  this  figure  was  too  low  and  that  experimental  determination  of 
the  safe  level  should  be  made  to  set  such  standards. 

Previous  workers  had  tested  high  surface  concentrations  of  oils,  which  were 
found  to  be  highly  explosive  m iu^id  or  gaseous  oxygen  and  in  high-pressure  air. 
Palmer  |2)  reported  some  work  performed  by  Loison  in  1952,  A nominal  lMn. 
pipe,  approximately  *250  ft  long,  with  an  oil  film  of  20,000  mg/ft2  (about  0.3  mm 
thick)  and  v;ith  air  at  a pressure  of  100  psig  was  used.  Upon  ignition,  a pressure 
wave  was  generated  and  the  walls  of  the  pipe  were  ruptured  in  a number  of  places. 

Basyrov  and  Mikhedov  (31  studied  the  detonation  limits  of  some  Russian 
lubricating  oils  solidified  and  dispersed  in  liquid  oxygen  at  concentrations  of  7,5 
to  21$  oil.  For  one  type  of  spindle  oil  in  a mixture  of  15$  oil  in  liquid  oxygen, 
the  detonation  ability  was  similar  to  that  of  TNT. 

Some  unsystematic  work  had  been  done  here  in  1956  and  1957  [4]  on  ignition 
of  a variety  of  lubricants  in  air,  oxygen,  and  liquid  oxygen.  The  amounts  of  oil 
were  substantial  and  powerful  detonators  were  used.  The  sound  of  the  detonation 
and  a study  of  the  surviving  parts  of  the  equipment  indicated  that  the  oil  ignited 
in  all  tests.  No  quantitative  data  of  the  oil-film  concentrations  were  taken.  Based 
on  these  meager  past  experiments,  the  range  of  concentrations  of  interest  for 
this  study  was  taken  as  4 to  20,000  mg/ft2. 


Experimental 

A n-hexadecane  film  was  applied  evenly  to  the  surface  of  a clean  section  of 
pipe.  The  boiling  temperature  and  the  molecular  weight  of  n-hexadecane  are  in 
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"Haw  dean  is  dean*  is  an  expression  frequently 
heard  when  the  discussion  concerns  cleaning  an  oxygen 
handling  system.  Present  knowledge  of  oxygen- fuel 
systems  indicates  there  is  a certain  level  of  contami- 
nation that  can  be  safely  tolerated.  This  level  will  be 
affected  by  such  factors  as  type  of  contaminant,  pres- 
sure and  temperature. 

The  question:  “What  is  this  tolerable  limit  and 
exactly  what  effect  do  these  various  factors  have?" 

Commercial  practice  is  not  satisfactory  for  the 
systems  required  for  liquid  propellant  rockets.  After 
an  analysis  of  the  degree  of  cleanliness  of  successful 
systems,  a level  of  four  milligrams  of  hydrocarbons 
per  square  foot  was  established.  This  degree  of  clean- 
lines s produces  acceptable  systems— but  is  costly  in 
both  time  and  money.  Often  five  or  six  steps  of  wash- 
ing. flushing,  and  purging  are  required. 

The  investigation 

Under  an  Air  Force  contract.  Air  Products  and 
Chemicals  Research  and  Development  Department  has 
investigated  the  possibility  of  ignition  of  a hydrocarbon 
film  on  the  wall  of  piping  for  oxygen  service  for  the 
purpose  of  better  defining  the  safe  level  of  contamina- 
tion. While  this  work  is  not  yet  complete,  the  results 
to  date  have  been  informative: 

For  these  tests,  n-hexadecane  was  used  as  the 
hydrocarbon  contaminant  as  its  boiling  temperature  and 
molecular  weight  are  in  the  range  of  common  lubri- 
cants. The  experimental  equipment  consisted  of  a 
schedule  40  stainless  steel  pipe  section  two  feet  long, 
one  inch  nominal  diameter,  with  a six  inch  long  section 
of  one-half  inch  stainless  steel  at  each  end.  For  the 
runs  involving  gaseous  oxygen,  rupture  discs  made 
from  modified  one -half  inch  unions  and  brass  Coil 
were  installed  or  one  end  of  the  section. 


The  hydrocarbon  film  was  applied  to  the  inside 
surface  from  a solution  of  n-hexadecane  in  carbon 
tetrachloride  which  was  evaporated  in  a hot  water  bath 
while  rotating  the  pipe  section  to  achieve  uniformity  of 
the  hydrocarbon  film.  The  quantity  of  hydrocarbon 
deposited  on  the  surface  was  controlled  by  the  quantity 
and  concentration  of  the  feed  solution.  After  applica- 
tion of  the  film,  the  pipe  section  was  cooled  to  room 
temperature  and  the  igniter  and  oxygen  line  connected. 
After  purging  the  pipe  section  for  five  -ninutes  to  in- 
sure removal  of  the  last  traces  of  the  solvent  vapors, 
the  rupture  disc  assembly  was  tightened,  the  oxygen 
pressure  raised  to  the  desired  setting  and  ignition 
applied. 

Blank  runs 

The  pipe  assembly  was  then  disassembled  and 
the  unburned  hexadecane  dissolved  in  two  batches  of 
fresh  carbon  tetrachloride.  This  solvent  was  then 
combined  and  concentrated  by  evaporating  most  o(  the 
solvent.  After  measuring  the  quantity  of  the  concen- 
trate, the  concentration  of  n-hexadecane  was  deter- 
mined by  a Beckman  XR-4  infrared  analyzer.  For 
blank  runs  the  same  procedure  was  followed  except 
ignition  was  not  applied  and  pressure  was  held  at  SO 
psig  for  five  minutes. 

Liquid  oxygen 

For  runs  involving  liquid  oxygen  the  one-half 
inch  end  sections  were  removed  after  the  film  was  ap- 
plied and  one  end  of  the  one  inch  diameter  section 
capped.  Rather  than  pour  the  liquid  oxygen  in,  the  ex- 
perimental section  was  immersed  in  a vertical  pos;tion 
in  liquid  nitrogen  and  gaseous  oxygen  condensed  until 
the  section  was  about  80  per  cent  Cull.  Following  ig- 
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Allentown,  Penn. 


A considerable  amount  of  work  has  been  done  in 
the  oast  studying  the  compatible  concentration  of  various 
oils  with  high  pressure  oxygen.  This  work  has  employed 
numerous  types  of  test  devices  and  has  examined  lubri- 
cating, compressor,  and  cutting  oils.  Compatible  con* 
centration  has  normally  been  described  as  the  concen- 
tration of  oil  as  a film  below  which  no  reaction  takes 
place.  Depending  upon  the  type  of  oil  and  the  test  used, 
results  ranging  from  a few  mg./sq.  ft.  up  to  500  mg./ 
sq.  ft.  have  been  reported  as  being  the  upper  limit  of 
the  safe  region.  In  most  of  these  studies  little  attention 
was  given  to  the  effect  of  chemical  structure  on  the 
compatibility  of  a particular  series  of  oils. 

It  is  the  objective  here  to  demonstrate  the  im- 
portance of  considering  chemical  nature  as  well  as 
concentration  when  establishing  safe  concentration  lev- 
els for  a particular  series  of  oils.  For  this  study  one 
has  chosen  to  examine  cutting  oils  which  are  commonly 
used  in  the  manufacture  of  machine  parts  such  as 
valves.  The  oils  were  classified  according  to  their 
chemical  structure  bv  infrared  analysis  and  their  com- 
patible concentration  determined  in  the  presence  of  pure 
gaseous  oxygen  at  1,500  lb./$q.  in.  gauge. 


Test  system 

The  basic  test  system  used  was  originally  de- 
veloped by  E.  Kehat  of  Air  Products  and  Chemicals  and 
is  described  in  a paper  th  * was  presented  at  the  Cryo- 
genic Engineering  Conference  in  August,  1961.  Modifi- 
cations have  been  made  in  the  test  procedure  that  give 
improved  results.  Figure  1 shows  a schematic  diagram 
of  the  test  system.  The  main  body  is  composed  of  a 
2 -ft.  piece  of  schedule  40  stainless  steel  pipe  with  a 
rupture  disk  at  one  end.  a gas  feed  orifice  at  the  other 
end,  and  a wire  igniter  placed  in  the  center.  The  ef- 
fective surface  area  is  0.689  sq.  ft. 

The  oik  films  are  placed  on  the  surface  of  the 
bomb  by  adding  a particular  volume  of  a methylene 
chloride  solc’ion  of  the  oil  to  the  bomb  and  evaporating 
the  solvent  wh.  e rotating  in  a hot  water  bath.  The  con- 
centration in  mg  /sq.  ft.  is  determined  by  the  concen- 
tration of  oil  m the  methylene  chloride  solution  and  the 
volume  of  it  added  to  the  bomb.  It  is  important  during 
evaporation  to  be  sure  that  all  of  the  solvent  is  com- 
pletely removed  since  small  quantities  of  residual  sol- 


vent can  have  a considerable  effect  on  the  results  ob- 
tained. Methylene  chloride  is  a very  good  solvent  for 
this  purpose  because  of  its  volatility  and  low  reactivity 
with  oxygen. 


Effect  of  oil  film 

A significant  test  variable  observed  in  this  study 
was  the  effect  that  an  oil  film  placed  on  the  igniter  wire 
during  evaporation  had  on  the  compatible  concentration. 
Table  1 gives  some  comparative  results  of  nonreactive 
concentrations  determined  for  hexadecane  and  cutting 


TABLE  1 . EFFECT  OF  OIL  COATING  ON  IGNITER 
WIRE  ON  COMPATIBLE  OIL  CONCENTRATION. 


Compatible  concentrations, 
mg./sq.  ft. 


Oil 

Hexadecane 
Blend  ff2 
Blend  «1 

♦ Reaction  still 


Igniter  free 
of  oil 

150 

SC* 

300 


Igniter  coated 
with  oil 

400 

150 

400 


occurs. 


oil  blends  when  the  igniter  wit  • was  in  place  during 
evaporation  of  the  solvent  and  when  it  was  put  in  place 
after  evaporation  of  the  solvent.  As  can  be  seen,  the 
nonreactive  concentrations  determined  are  much  lower 
when  the  igniter  wire  is  free  of  any  oil  film  than  when 
it  is  coated  with  oil.  These  lower  concentrations  are 
possibly  due  to  ablative  cooling  of  the  igniter  wire  by 
the  oil  film  which  results  in  a lowering  of  the  initiation 
energy  peak.  In  order  to  obtain  meaningful  results 
which  can  be  uniformly  correlated,  the  ignition  system 
should  not  be  contaminated  with  the  oil.  Therefore,  in 
this  study  the  ignition  system  was  put  in  place  after 
evaporation  of  the  solvent  had  been  completed.  After 
evaporation  of  the  solvent  and  putting  the  ignition  sys- 
tem m place,  the  bomb  was  purged  with  oxygen,  pres- 
surized to  1,500  lb./sq.  in.  gauge,  and  the  wire  ignited. 
The  ignition  system  used  was  composed  of  a 1.75-in. 
piece  of  11.5  mil  Nichrome  wire  having  a resistance  of 
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SAFETY  CONTROL  PROCEDURE  - TAG  OUT 
This  Procedure  is  Identical  with  Section  626.3.3  Safety  Standards 

I.  PURPASE 


TO  establish  a standard  procedure  that  is  applicable  in  every  operating 
plant  or  manufacturing  facility,  and  which  encompasses  all  phases  of  the 
company's  operations  pertaining  to  tag  out  procedures  for  the  positive 
isolation  of  a circuit,  valve  or  other  system  where  strict  safety  measures 
are  required  for  the  protection  of  personnel  and  equipment. 


II.  RESPONSIBILITY 


The  Plant  Manager,  Maintenance  Superintendent,  and  operating  personnel  are 
responsible  for  compliance  with  the  provisions  of  the  procedure  as  appli- 
cable to  equipment  or  duties  with  which  they  are  concerned. 


III.  PROCEDURE 


A.  The  person  having  responsibility  for  the  equipment  and  the  vork  to  be 
done  must  determine  the  hazard  both  to  personnel  and  equipment  by  re- 
view of  drawings,  flowsheets,  specifications,  experience  or  other 
means,  and  by  a physical  inspection  of  the  work  site.  He  can  then 
determine  the  valves  to  be  closed  (or  opened  as  in  vents),  the  electric 
switches  to  be  opened,  etc.,  to  provide  a safe  working  environment. 

B.  After  the  valves,  switches,  etc.,  have  been  properly  positioned,  danger 
tags  shall  be  filled  out  and  affixed  to  the  equipment.  The  tear-off 
portion  shall  be  given  to  the  person(s)  who  will  actually  do  the  work. 


C.  The  valve,  switch,  etc.  shall  not  be  operated  nor  the  danger  tag  re- 
moved until  the  tear-off  portion  and  the  tag  are  reunited. 

D.  An  up-to-date  log  of  all  danger  tags  and  their  disposition  shall  be 
kept  by  the  person  having  responsibility  for  their  issuance. 


E.  After  repairs  are  completed,  the  man  in  charge  of  the  repair  work  shall 
have  a checklist  of  men  on  the  Job  and  see  that  all  men  are  properly 
instructed,  counted,  and  in  the  clear  before  the  last  danger  tag  is 
removed. 

F.  When  the  vork  has  been  completed  and  all  vorkers  are  counted  and  in  the 
clear,  the  tear-off  portion  of  the  tag  shall  be  returned  to  the  person 
responsible  for  the  issuance  of  danger  tags.  When  the  tear-off  portion 
has  been  reunited  with  the  tag,  the  tag  may  be  removed  and  the  system 
activated. 
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SAFETY  CONTROL  PROCEDURE  - TAG  OUT 


G.  Should  the  job  progress  into  the  next  shift,  the  tear-off  position  of 
the  tag  will  be  passed  on  to  the  workman  doing  the  work  on  the  next 
shift.  Hie  log  is  also  turned  over  to  the  responsible  party  on  the 
next  shift. 

H.  If  any  man  protected  by  a danger  tag  issued  to  a group  should  desire, 
he  may  also  attach  his  personal  danger  tag  when  he  starts  work  on  the 
job  and  remove  it  when  he  leaves. 

I.  These  tags  (form  2027)  are  stocked  and  may  be  ordered  from  Station  ;ry 
Stores. 

Hote:  This  procedure  is  also  sunmarized  in  your  pocket  size  Operations 

Safety  Manual,  Pages  25  and  26. 


IV.  RELATED  PROCEDURES 

1.02,  Safety  Control  Procedure  - Construction,  Start-up  and  Operations. 
1.0U,  Safety  Control  Procedure  - Safety  Work  Permit 

V.  RELATED  FORMS 

2G27,  DANGER  Tag  (Exhibit  A). 
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SAFETY  CONTROL  PROCEDURE  • SAFETY  WORK  PERMIT 
This  Procedure  is  Identical  with  Section  626.3.5  Safety  Standards 

I.  PURPOSE 


To  establish  a standard  procedure  for  the  use 
achieve  constant,  close  control  of  operations 
near  potentially  dangerous  process  equipment, 
to  personnel  and  to  the  equipment. 


of  Safety  Work  Permits  to 
and  maintenance  work  on  or 
thereby  minimizing  the  hazard 


II.  RESPONSIBILITY 

A.  Plant  Managers  shall  be  responsible  for  the  issuing  and  control  of 
Safety  Work  Permits. 

B.  Plant  Managers  may  delegate  the  actual  work  of  issuing  and  controlling 
the  permits  to  the  Maintenance  Superintendent  or  to  the  Shift  Supervisor, 
as  conditions  indicate. 


III.  PROCEDURE 


A.  Scope 

Use  this  procedure  whenever  maintenance  or  repair  work  is  to  be  done  on 
or  near  process  equipment  and  any  one  of  the  following  conditions  will 
be  encountered: 

1.  Outside  contractor  personnel  will  be  involved. 

2.  Burning,  welding,  soldering  or  other  hot  work  on  or  near  cold  boxes, 
storage  tanks,  or  transfer  systems  containg  liquid  or  gaseous 
oxygen  or  fuel  gases. 

Entry  of  a tank,  vessel,  column,  or  cold  box. 

4.  Opening  of  a process  line  or  vessel. 

Kj . Whenever  safety  tagging  of  electrical,  mechanical,  or  process  equip- 
ment is  required. 

6.  Creation  of  a potential  nazard  in  an  operating  area. 

7.  Potential  hazardous  exposure  of  personnel  to  process  streams  or 
equipment  through  tnc  normal  or  emergency  operation  of  process 
valves,  controls,  etc. 


\ 


APCI  DOCUMENT 

.n  <99000*03 


FORM  3530  2/67 


&tik7hd& amt QUmteaHt 


PROCESS  EQUIPMENT  DIVISION 

PLANT  OPERATIONS  MANUAL 


SECTION  J*0*1 
RAO  I ? OF 

DATE  2/16/67 


SAFETY  CONTROL  PROCEDURE  - SAFETY  WORK  PERMIT 

B.  No  work  will  be  done  if  any  of  the  conditions  noted  in  A,  above  under 
Scope  exist  until  a Safety  Work  Permit  has  been  issued. 

C.  Safety  Work  Permits  may  be  issued  to  cover  an  area  such  as  vould  be 
required  for  expansion  of  existing  facilities  end  additions  of  major 
pieces  of  equipment,  as  well  as  for  vork  on  individual  pieces  of 
equipment . 

D.  The  person  issuing  the  permit  vill  survey  the  area  where  the  vork  is 
to  be  done  and  the  equipment  that  vill  be  involved  to  determine  that 
the  vork  can  be  done  safely.  It  is  mandatory  therefore,  that  he  be 
completely  familiar  vith  the  details  of  the  process  equipment,  the 
process  flow  and  vork  that  may  be  in  progress  or  contemplated  in 
adjacent  areas. 

E.  If  Danger  tags  cure  required  to  isolate  certain  equipment  or  systems, 
the  tag  numbers  vill  be  recorded  on  the  Safety  Work  Permit  and  the 
permit  vill  not  be  issued  until  the  tags  are  in  place.  It  is  the 
responsibility  of  the  originator  to  insure  that  the  equipment,  system 
or  area  has  been  prepared  properly  for  the  vork  to  be  performed . 

F.  Any  special  precautions  or  instructions  necessary  to  perform  the  Job 
safely  vill  be  noted  on  the  Permit.  If  special  safety  equipment  or 
clothing  is  required,  it  shall  be  specifically  noted. 

G.  The  Safety  Work  Permit  vill  be  made  out  in  duplicate  and  a log  made 
out  of  its  existence  and  disposition. 

H.  The  original  copy  vill  be  given  to  the  man  or  supervisor  of  the  crev, 
vho  will  be  doing  the  vork.  The  copy  vill  be  kept  by  the  originator. 

I.  If  the  vork  continues  beyond  one  shift,  the  original  copy  vill  be 
passed  on  to  the  man  or  supervisor  who  is  to  continue  the  vork.  When 
the  work  is  completed  this  will  be  noted  on  the  permit  and  the  permit 
returned  to  the  originator. 

J.  The  Safety  Work  Permit  shall  be  considered  to  be  active  until  it  has 
been  physically  returned  to  the  originator  by  the  person  responsible 
for  the  accomplishment  of  the  work. 

K.  Once  a Safety  Work  Permit  has  been  issued,  the  originator  shall 
periodically  inspect  the  work  site  and  the  work  in  progress  to  insure 
that  all  special  precautions  and  instructions  are  being  complied  vith 
and  that  there  are  no  hazards  to  personnel  or  to  equipment. 

Note:  This  procedure  is  also  outlined  in  the  pocket  size  Operations 

Safety  Manual  on  pages  22,  23  and  2U.  { 
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PLANT  OPERATIONS  MANUAL 

SAFETY  COHTROL  PROCEDURE  - SAFETY  WORK  PERMIT 


SKCTION 
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IV.  RELATED  PROCEDURES 

1.02  f Safety  Control  Procedure  - Construction,  Start-up  and  Operations . 
1.03,  Safety  Control  Procedure  - Tag  Out 
V.  RELATED  FORMS 

2026,  Safety  Work  Permit  (Exhibit  A) . 
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Date. 

Time 

M.O.  No 


AIR  PRODUCTS  AND  CHEMICALS,  INC. 

SAFETY  WORK  PERMIT 


Nf  1427 


Thi#  authorizes 


.to  do  the  following  work: 


Special  precautions  to  be  exercised  by  personnel  performing  work:  ..... 


1 TYPE  OP  WORK 

SAFETY  PREPARATION  FOR  WORK 

STATUS 

| HOT  WORK:  BURN  - WELD  - SOLDER  Q 

TEST  FOR:  EXPLOSIVE □ 

o*  □ 

O*  DEFICIENCY □ 

TAG  OUT:  ELECTRIC  SWITCHES □ 

VALVES O 

PERMIT  EXPlRESt 

\ ENTRY:  VESSEL  • COLUMN  • ENCLOSURES  Q 

| ALTERATIONS  - REPAIRS  - OPENING  EQUIP  0 

TIME:  

1 DRILLING ' GRINDING  - CHIPPING  □ 

PUMPS D 

WORK  STATUS* 

| VEHICLES:  EN1RY  Of  OPERATING  AREA  □ 

TAG  NO.  ...  

COMPLETE 

j ELECTRICAL;  □ 

OTHER.  . . 

» 

INSTALL  BLANKS  OR  BLINDS  . . □ 

INCOMPLETE 

BLEED  PRESSURE □ 

other 

DETERMINED  BY: 

| ISSUED  BY: 

1 PORN  2026 

FIELD  CHECKED  BY:  

TIME: 

..  . dates .. 


(Matnt,  or  Stuff  Supv.j 
DATE*.  


\ 


1 


1 


□ □ 
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SECTION  __^29 

PA0£_L_OF * 

DAT  ,_n/g9/68 


Supercedes  10/30/68 


CODED  VESSEL  REPAIRS 


I.  PURPOSE 

A 

To  establish  a standard  procedure  for  field  repairs , alterations , and 
additions  to  pressure  vessels  constructed  in  accordance  with  Section 
VIII  of  the  ASME  Boiler  and  Pressure  Vessel  Code. 


■tev. 


II.  RESPONSIBILITY 


The  Plant  Manager,  or  an  individual  authorized  by  the  Plant  Manager 
for  supervision  of  repairs,  shall  be  responsible  for  the  execution, 
test,  and  acceptance  of  the  repair,  alteration,  or  addition. 

The  repair,  alteration,  or  addition  must  receive  final  approval  from 
the  Maryland  Casualty  Company  inspector  for  the  state  in  which  the 
vessel  is  located.  Before  the  work  is  begun,  the  Plant  Manager  shall 
call  the  inspector.  The  proposal  for  the  method  of  repair  shall  be 
discussed  by  them  at  the  vessel  site  before  any  work  is  done.  In 
emergenc5.es , a repair  method  may  be  agreed  upon  by  telephone , but  the 
insurance  inspector  will  still  have  to  give  final  approval  before  the 
vessel  is  put  back  in  service. 

At  some  APCI  facilities,  the  vessels  are  not  insured,  particularly 
where  there  are  no  code  requirements.  However,  it  is  our  policy  to 
maintain  the  code  status  on  vessels , and  the  procedure  given  below 
shall  be  followed.  In  such  cases,  the  insurance  inspector  will  still 
be  consulted,  but  APCI  may  have  to  reimburse  Maryland  Casualty  for 
his  service. 


Some  states  or  localities  may  have  some  additional  standards  of  in- 
spection, repair,  or  reporting,  and  a state  or  municipal  inspector 
may  also  be  required  to  witness  the  work.  The  Plant  Manager  shall 
discuss  state  requirements  with  the  insurance  inspector,  who  will  be 
familiar  with  the  requirements  of  his  territory. 

A copy  of  the  inspection  contract  between  APCI  and  the  Maryland 
Casualty  Company  is  shown  in  Attachment  1 of  this  procedure. 


V 


III . PROCEDURE 

A.  Obtain  Manufacturers'  Data  Report  for  unfired  pressure 

Vessels,  forms  U-l  or  U-1A,  (Exhibits  A and  B)  and  prints  be- 
fore the  repair  is  made,  so  there  is  no  doubt  about  the  correct 
materials  and  method  cT  construction.  If  there  ore  still 
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CODED  VESSEL  REPAIRS 


questions  or  problems  concerning  the  method  of  repair,  or  if  the 
inspector  is  not  availaole,  contact  the  Operations  Safety-Service 
Manager  or  the  Operations  Manager  of  Maintenance  and  Mechanical 
Engineering. 

B.  Perform  all  repairs,  alterations,  or  additions  according  to  the 
rules  in  Section  VIII  of  the  A3ME  Boiler  and  Pressure  Vessel  Code 
and  Chapter  VI  of  the  National  Board  Inspection  Code.  When  weld- 
ing is  a part  of  the  work,  each  welder  and  welding  operator  who 
actually  performs  the  welding  shall  hove  proof  of  qualification 
in  accordance  with  Section  IX  of  the  ASMS  Code  and  with  the  pro- 
cedures used  in  the  repair.  Proof  of  such  qualification  must  be 
presented  also  by  outside  contractors  who  do  this  work. 

C.  Upon  completion  of  the  v/ork,  test  the  vessel  as  follows: 

1.  Radiography 

a.  When  the  vessel  has  been  x-rayed  100  percent,  the  repair, 
alteration,  or  addition  must  also  be  x-rayed  100  percent 
if  it  includes  a main  weld  seam  (circumferential  or 
longitudinal) . 

b.  When  the  vessel  has  been  spot  x-rayed,  the  repair,  alterat- 
ion, or  addition  must  be  x-rayed  if  it  includes  a main  weld 
seam. 

NOTE 

If  the  vessel  has  been  IOC  percent 
x-reyed,  the  letters  XR  will  be 
stamped  on  the  left  side;  the  U-l 
form  will  also  indicate  a 100  per- 
cent x-ray.  Check  U-l  or  U-1A  forms 
to  determine  whether  there  was  a 
spot  x-ray. 

2 . Dye  Penetrant 

When  the  repair  or  alteration  is  a weld  around  an  opening  or 
an  attachment  weld  having  a throat  thickness  of  greater 
than  1/4  inch,  inspect  the  weld  100  percent  with  dye  penetrant. 
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3.  Stress  Relief 

When  the  letters  SR  or  PSR  appear  on  the  vessel  nameplate, 
the  vessel  has  been  stress  relieved  ~r  partially  stress  re- 
lieved. For  such  vessels,  the  code  inspector  should  decide 
whether  the  proposed  repair,  alteration,  or  addition  should 
he  stress  relieved. 

4.  Pressure  ‘Jest 

The  Plant  Manager  shall  decide  whether  a hydrostatic  or 
pneumatic  test  should  he  perlormed. 

a.  Hydrostatic  - Use  Quality  Control  Standard  QCL-117A 
(Attachment  2)  as  a guide  in  performing  a hydrostatic 
test. 

b.  Pneumatic  - use  Quality  Control  Standard  QCL-105A  (Attach- 
ment 3)  as  a guide  in  performing  a pneumatic  test. 

D.  When  the  work  has  heen  completed  to  the  satisfaction  of  the 
insurance  inspector,  Form  6601,  Record  of  Repair  and/or  Alterat- 
ion (See  Exhibit  C)  shall  he  completed  by  the  welder  and  the 
inspector.  Blank  forms  may  he  obtained  from  the  Operations 
Safety-Service  Manager . Copies  shall  be  distributed  to: 

1.  The  code  inspector 

2.  Plant  file 

3.  Operations  Safety-Service  Manager 

4.  APCI  Manager  of  Quality  Control  in  the  Allentown  office 
(2  copies). 

E.  For  any  further  assistance,  contact  the  Operations  Safety- Ser- 
vice Manager  or  the  Operations  Manager  of  Maintenance  and 
Mechanical  Engineering. 

IV.  RELATED  PROCEDURES 


ASME  Boiler  and  Pressure  Vessel  Code,  Sections  VIII  and  IX 
National  Board  Inspection  Code,  Chapter  VI. 
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Maryland  Casualty  Company  Field  Inspection  Contract  (Attachment  1) 
QCL-117A,  Hydrostatic  Testing  - General  (Attachment  2) 

QCL-105A,  Pneumatic  Testing  - General  (Attachment  3) 

V.  RELATED  FORMS 

U-l,  Manufacturers’  Data  Report  for  Unfired  Pressure  Vessels  (Exhibit  A) 
U-1A,  Manufacturers'  Data  Report  for  Unfired  Pressure  Vessels  (Exhibit  B) 
6601,  Record  of  Repair  and/or  Alteration  (Exhibit  C) 
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ATTACHMENT  I 


(PART  - TIME) 

Maryland  Casualty  Company  of  Baltimore,  Maryland  (hereinafter  called  Maryland) 

hereby  agrees  with 

AIR  PRODUCTS  AND  QBilCALS,  INCORPORATED 
ALLENTOWN,  PENNSYLVANIA 

(hereinafter  called  Contractor)  with  respect  to  inspection  services  as  follows: 

1.  Maryland  will  provide  a field  inspector  for  service  at  the  generating  facil- 

ities of  Contractor's  properties  described  in  endorsement  no.  1 of  Maryland 
Boiler  and  Machinery  policy  no.  R- 004 1000  during  the  regular  working  hours 
of  each  regular  working  day,  as  required.  For  the  purposes  of  this  Agree- 
ment: (1)  "Regular  working  hours"  is  intended  to  exclude  the  hours  prior 

to  7:00  A.M.  and  subsequent  to  5:00  P.M.;  (2)  "Regular  working  day"  is  in- 
tended to  exclude  Sundays  and  holidays  and  shall  not  exceed  eight  hours  in  any 
twenty- four.  Any  overtime  not  within  the  above  stipulated  condition  shall  be 
chargeable  at  one-and-a-half  times  the  normal  rate. 

2.  Inspections  provided  for  herein  shall  be  for  the  purpose  of  observing  the 
means  and  methods  used  by  Contractor  in  the  repair  and  modification  of 
ASME  Boiler  and  Pressure  Vessel  Code  Section  VIII  metal  Unfired  Pressure 
Vessels  which  are  permanently  installed  at  the  generating  facilities  as 
described  in  Paragraph  1 above.  Such  inspection  services  will  be  available 
to  Contractor  when  required,  provided  Maryland  has  received  sufficient  ad- 
vance notice  of  the  need  for  such  services. 

3.  The  Shop  Inspector  will  be  a competent  National  Board  Inspector  qualified 
to  pass  on  A.S.M.E.  Code  construction  or  the  laws  of  the  locality  in  which 
tire  object  will  be  used,  or  both,  within  the  United  States  of  America,  ex- 
clusive of  Alaska  and  Hawaii.  Contractor  shall  prepare  the  Contractor's 
Record  of  Repair  covering  each  object  inspected  by  the  field  inspector  and 
thi  field  inspector  will  sign  such  foxms  covering  work  actually  examined 
by  * a. 

4.  Contractor  agrees  to  pa'r  Maryland,  for  the  services  of  such  Shop  Inspector 
the  sum  of  Eighty-five  ($85.00)  Dollars  for  each  regular  working  day  of 
eight  hours  or  part  of  a day  over  one-half  (four  hours)  with  a minimum 
charge  of  Fifty  ($50.00)  Dollars  for  one-half  day  (four  hours  or  less), 
plus,  in  each  case  all  expenses  incurred,  such  as  telephone  or  telegraph 
charges,  traveling  expenses  and  hotel  expenses,  including  meals.  Time 
and  traveling  expenses  shall  be  computed  from  the  point  where  such  inspec- 
tor is  located  at  the  time  the  order  for  such  service  is  received  until  he 
returns  to  that  point.  No  time  charge  will  be  made  for  time  of  night  travel 
in  a public  carrier. 

5.  All  charges  for  services  and  expenses  as  outlined  in  paragraph  4 above  shall 
be  paid  by  Contractor  to  Maryland  at  or  before  the  last  day  of  the  next  fol- 
lowing month. 

6.  It  is  mutually  understood  and  agreed: 

A.  That  Maryland  shall  not  be  liable  directly  or  indirectly  (other  than 
any  liability  that  may  be  expressed  in  any  policy  of  insurance  that 
may  be  issued  by  Maryland)  for  any  loss,  damage  or  ii  jury  to  property 
* or  oersons  resulting  from  any  accident  tT  or  defect  in  any  object;  nor 
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shall  Maryland  be  liable  directly  or  indirectly  for  loss,  damage  or 
injury  of  any  kind  arising  from  or  connected  with  an  inspection  or 
report  of  inspection,  or  from  the  omission  of  an  inspection  or  report 
of  inspection  whether  or  not  such  inspection,  or  report,  or  omission 
was  at  the  request  of  Contractor. 

B.  It  is  agreed  that  Maryland  does  not  assume  any  liability  of  any  kind 
arising  out  of  or  in  connection  with  the  inspection  or  omission  of  in- 
spection of  any  such  boilers,  unfired  pressure  vessels  and  pressure 
piping  or  part  thereof.  Contractor  hereby  agrees  to  indemnify  and 
hold  harmless  Maryland  from  aw  against  all  rights  of  action,  suits, 
claims  and  demands  of  Contractor  or  any  other  party  and  all  cost  and 
expense,  including  counsel  fees,  because  of  injury  to  person  or  prop- 
erty arising  out  of  or  in  connection  with  the  inspection  or  omission 
of  inspection  of  any  such  boilers,  unfired  pressure  vessels  and  pres- 
sure piping  or  part  thereof,  whether  or  not  such  injury  is  due  in 
whole  or  in  part  to  the  negligence  or  fault  of  Maryland,  its  Inspectors 
or  other  employees  or  agents. 

C.  That  Contractor  shall  procure  and  maintain  during  the  life  of  this 
contract  public  liability  insurance,  including  products  (completed 
operations)  coverage,  for  both  bodily  injuries,  or  death  resulting 
therefrom,  and  property  damage,  with  limits  of  liability  to  be  agreed 
upon.  Such  public  liability  insurance  shall  include  contractual  lia- 
bility insurance  against  liability  assumed  under  the  hold  harmless 
agreement  contained  in  Paragraph  6-B  above.  Contractor  further  agrees 
to  furnish  the  Maryland  with  evidence  of  such  coverage  in  the  form  of 
current  Insurance  Certificates,  unless  said  insurance  is  provided  by 
Maryland. 

7.  In  the  event  Contractor  submits  a purchase  order  for  any  services  covered 
by  this  Agreement , such  purchase  order  shall  rot  supersede,  terminate  or 
alter  any  provision  of  this  Agreement.  Any  hold  harmless,  non-liability 
or  indemnity  provision  contained  in  any  such  order  and  any  other  provision 
therein  which  is  in  conflict  with  or  in  any  way  inconsistent  with  any 
provision  of  this  Agreement  shall  be  null  and  void  and  all  the  provisions 
contained  herein  shall  control. 


This  is  effective  _ and  shall  terminate  July  27 

1969,  but  may  be  terminated  by  either  party  at  any  time  prior  there  to  by  giving 
thirty  (30)  days  written  notice  to  the  other  party. 


Witney  . 

— — TBsrrmimEr 


Witness 
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I.  Purpose 

This  procedure  establishes  the  requirements  and  general  information  to  be  used 
when  performing  hydrostatic  tests  to  prove  structural  soundness  and  leak-free 
construction  of  manufactured  units . 

II.  Instrumentation 

A.  Pressure  Measurement 

1.  Use  a bourdon  tube  type  pressure  gage  unless  otherwise  specified. 

2.  The  gage  shall  be  calibrated  per  QCL  106K. 

3.  The  maximum  dial  reading  shall  be  at  least  200%  but  no  more  than  250% 
greater  than  specified  test  pressure. 

B.  Temperature  Measurement 

When  required,  use  glass,  immersion  type,  mercury  thermometer,  unless  other- 
wise specified. 

C.  Safety  Devices 

A small  liquid  relief  valve  set  to  1 1/3  the  test  pressure  is  recom- 
mended when  vessel  is  likely  to  warn  up  while  under  pressure  and  unattended. 

III.  Test 

A.  Check  for  evidence  of  acceptance  by  inspection  prior  to  test  (Form  6502) 

B.  Test  pressures  will  be  indicated  by  engineering  on  drawings. 

C.  Check  accessibility  of  joints  to  be  tested. 

D.  Fill  unit  with  clean  water. 

1.  Position  unit  in  a manner  which  will  eliminate  all  possible  air  pocket 

2.  Unit 8 containing  coiled  tubing  or  cores  will  require  a continuous  flow 
of  water  until  water  from  the  outlet  is  free  of  air. 
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E.  Pressurize  to  specified  test  pressure  and  maintain  for  ten  (10)  minutes. 

1.  Reduce  pressure  to  BO#  of  the  test  pressure  and  maintain  long  enough  to 
visually  examine  all  pressure  hearing  joints  for  leakage. 

2.  Units  containing  brazed  joints  will  be  held  at  the  reduced  pressure  for 
a mi nimum  of  twenty-four  (2U)  hours  unless  a flux  removal  operation  has 
preceded  the  hydrostatic  test. 

a.  Pressure  increase  due  to  warm-up  during  the  test  period  shall  be 
controlled  manually  or  by  use  of  a Relief  Valve  as  in  II-C. 

3.  Vessels  constructed  of  more  than  one  chamber  or  circuit,  and  designed 
to  operate  independently  shall  have  each  chamber  tested  without  pressure 
in  the  adjacent  chamber,  prior  to  testing  all  chambers  simultaneously. 

F.  Reinforcing  plates  and  saddles  or  nozzles  will  be  tested  per  QCL  105A. 

IV.  Acceptance  Criteria  ] 

Zero  leakage  is  acceptable  as  evident  by  visual  inspection.  Record  test  result:, 
on  Form  6583  and  forward  to  Inspection. 
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Number:  QCL  105A 
Effective : 7/1/71 

PNEUMATIC  TESTING  - GENERAL  pa8e . 1 of  3 

Supersedes: 


I . Purpose 

To  establish  the  test  method  and  acceptance  criteria  for  the  performance  of  safe 
and  efficient  pneumatic  test. 

II.  Inst  rumentat  ion 

A.  Pressure  Measurement 

1.  U-type  manometer  shall  be  used  to  measure  pressure  under  1 psig. 

NOTE:  27.7  inches  of  water  equals  1 psig. 

2.  Use  bourdon  tube  type  gage  to  measure  pressure  over  1 psig. 

3.  The  gages  shall  be  calibrated  per  QCL  106K. 

4.  The  maximum  dial  reading  shall  be  at  least  200$  but  no  greater  than  250$ 
of  the  test  pressure. 

B.  Temperature  Measurement 

When  used,  locate  a sufficient  number  of  glass  immersion  type  mercury  ther- 
mometers to  obtain  average  vessel  temperature. 

C.  Safety  Devices 

A safety  relief  valve  (set  approximately  5$  higher  than  test  pressure)  is 
recommended  for  every  test  to  prevent  accidental  overpressurization  of  the 
unit. 

III.  Test 
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A.  Check  for  evidence  of  acceptance  by  inspection  on  Form  6502  prior  to  eny 
tost . 

E.  Test  pressures  will  be  indicated  by  engineering  on  drawing. 

C.  Test  fluid  win  be  dry  oil-free  air,  dry  nitrogen  or  a premixed  combination 
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QUALITY  CONTROL  LAYOUT 


Number:  QCL  105A 

Effective:  7/1/71 

Page:  2 of  3 

PNEUMATIC  TESTING  « GENERAL  Supersedes : 


IV. 


of  20£  helium  and  80£  dry  air. 

D.  Check  condition  and  pressure  rating  of  test  fittings. 

E.  Check  accessibility  of  joints  to  be  tested. 

F.  Clear  immediate  area  of  personnel. 

G.  Pressurize  slowly  to  25  psig  and  conduct  a preliminary  soap  check.  Increase 
pressure  gradually  to  specified  test  pressure.  Hold  for  10  minutes,  before 
reducing  to  satisfy  unit  requirements. 

1.  Soap  test  all  pressure  bearing  joints. 

2.  A pressure  retention  test,  recording  time,  temperature,  pressure,  mano- 
meter readings  and  barometric  pressure  readings  as  required  to  satisfy 
a specific  requirement. 

* 

H.  Reinforcing  plates  and  saddles  of  nozzles  attached  to  the  outside  of  a vesse: 

may  be  penumatically  tested  to  insure  tightness  of  welds  that  seal  off  the 
inside  of  the  vessel.  j 

Acceptance  Criteria  j 

A.  Soap  Tests  - Zero  leakage  by  visual  inspection.  \ 


Record  results  on  Form  6593  and  forward  to  inspection.  j 

f 

I 

B.  Immersion  Test,  in  Place  of  soap  test  - Zero  leakage  by  visual  inspection. 

Record  results  on  Form  6593  and  forward  to  inspection.  j 

C.  Pressure  retention  test  - Zero  leakage  by  comparing,  final  and  initial  pres- 
sures, and  final  and  initial  temperatures. 

The  maximum  acceptable  difference  between  actual  and  calculated  final 
pressures  may  not  exceed  3/2  of  1 per  cent  of  the  test  pressure. 

1.  Use  the  following  formula  to  calculate  for  final  pressure. 
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TF  x (PI)  - 14.7  « X 
TI 

* 

TF  ■ Final  Vessel  Temperature  (°C  + 273  or  °F  + 460) 
TI  = Initial  Vessel  Temperature  (°C  + 273  or  °F  + 460) 
PI  = Initial  Pressure,  PSIG  + 14.7 
X = Final  Pressure,  Calculated 

2.  Record  test  results  on  Form  7084  and  forward  to  inspection. 
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TAG  OUT  PROCEDURE 


1.  PURPOSE 

This  safety  standard  specifies  a tag  out  system  for  the  positive  isolation 
of  a circuit,  valve  or  other  system  where  strict  safety  measures  are  re- 
quired for  the  protection  of  personnel  and  equipment.  It  should  he  noted 
that  this  tag  out  system  is  incorporated  as  a part  of  the  "Construction  - 
Start-up  - Safety  Control  Procedure"  Safety  Standard  626. 3*2  which  is 
specific  for  that  part  of  a plant's  life  when  construction  is  being 
completed  and  start-up  and/or  operating  activities  are  underway.  Ibis 
present  standard  specifies  a tag  out  system  that  is  applicable  in  every 
operating  plant  or  manufacturing  facility. 

2.  SCOPE 

This  standard  encompasses  all  phases  of  the  company's  operations  per- 
taining to  tag  out  procedures. 

3.  PROCEDURE 

< A.  The  person  having  responsibility  for  the  equipment  and  the  work  to  be 
done  must  determine  the  hazard  both  to  personnel  and  equipment  by  re- 
view of  drawings,  flowsheets,  specifications,  experience  or  other  means, 
and  by  a physical  inspection  of  the  work  site.  He  can  then  determine 
the  valves  to  be  closed  (or  opened  as  in  vents),  the  electric  switches 
to  be  opened,  etc.  to  provide  a safe  working  environment. 

B.  After  the  valves,  switches,  etc.  have  been  properly  positioned, 
danger  tags  shall  be  filled  out  and  affixed  to  the  equipment.  The 
tear-off  portion  shall  be  given  to  the  person(s)  who  will  actually 
do  the  work. 

C.  The  valve,  switch,  etc.  shall  not  be  operated  nor  the  danger  tag 

, removed  until  the  tear-off  portion  and  the  tag  are  re-united. 

D.  An  up-to-date  log  of  all  danger  tags  and  their  disposition  shall  be 
kept  by  the  person  having  responsibility  for  their  Issuance. 

E.  After  repairs  are  completed,  the  man  in  charge  of  the  repair  work 
shall  have  a check  list  of  men  on  the  Job  and  see  that  all  men  are 
properly  instructed,  cotinted  and  in  the  clear  before  the  last  danger 
tag  is  removed. 

F.  When  the  work  has  been  completed  and  all  workers  are  counted  and  in 
the  clear,  the  tear-off  portion  01  the  tag  shall  be  returned  to  the 
person  responsible  for  the  issuance  of  danger  tags.  When  the  tear- 
off  portion  has  been  re -united  with  the  tag,  the  tag  may  be  removed 
and  the  system  activated. 


H.  W.  Smith 

W.  L.  Ball 
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TAG  OUT  PROCEDURE 


3*  PROCEDURE  (Coat'd) 

G.  Saould  the  Job  progress  into  the  next  shift,  the  tear-off  portion  of 
the  tag  will  be  passed  on  to  the  workman  doing  the  work  on  the  next 
shift.  The  log  is  also  turned  over  to  the  responsible  party  on  the 
next  shift. 

H.  If  any  man  protected  by  a danger  tag  Issued  to  a group  should  desire, 
he  may  also  attach  his  personal  danger  tag  when  he  starts  work  on  the 
Job  and  remove  it  when  he  leaves. 

I.  These  tags  (form  2027)  cure  stocked  and  may  be  ordered  from  Stationery 
Stores. 


~7io<l'XCQ 

Originated  lyi 

Appfovodt  Softly  Oiroofor 

Dolt 

H.  U.  Smith 

W.  L.  Ball 
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AIR  SEPARATION  PLANT  SAFETY  WORK  PERMITS 


1.  PURPOSE 

•--r-r  ~ # 

Due  to  the  nature  of  our  process  systems  and  equipment,  and  to  the 
hazardous  characteristics  of  some  of  our  products,  close  control  of 
maintenance  and  construction  work  on  or  in  the  neighborhood  of  process 
equipment  must  he  maintained  at  all  times.  The  control  required  to 
minimize  the  hazard  to  personnel  and  to  equipment  can  he  obtained  by 
the  system  of  Safety  Work  Permits  described  herein. 

2.  SCOPE 

This  procedure  shall  be  used  whenever  construction,  maintenance  or  repair 
work  is  to  be  done  on  or  in  the  vicinity  of  process  equipment  and  any  one 
of  the  following  conditions  will  be  encountered. 

A.  Outside  contractor  personnel  will  be  involved. 

B.  Burning,  welding,  soldering  or  other  hot  work  on  or  near  cold  boxes, 
storage  tanks,  or  transfer  systems  containing  liquid  or  gaseous  oxygen 
or  fuel  gases. 

C.  Entry  of  a tank,  vessel,  column  or  cold  box. 

D.  Opening  of  a process  line  or  vessel. 

E.  Whenever  tag-out  of  electrical,  mechanical  or  process  equipment  is 
required. 

F.  Creation  of  a potential  hazard  in  an  operating  area. 

G.  Potential  hazardous  exposure  of  personnel  to  process  streams  or 
equipment  through  the  normal  or  emergency  operation  of  process  valves, 
controls,  etc. 

3.  RESPONSIBILITY  FOR  SAFETY  WORK  PERMITS 


The  issuing  and  control  of  Safety  Work  Permits  shall  be  the  responsibility 
of  the  Plant  Manager.  The  actual  work  of  issuing  and  controlling  the 
Permits  may  be  delegated  by  the  Plant  Manager  to  the  Shift  Supervisor  or 
Safety  Engineer  if  the  size  of  the  plant  and  the  quantity  of  work  to  be 
done  warrants  or  requires  such  action. 

If  Idle  plant  or  facility  is  in  the  process  of  construction  or  start-up, 
the  Construction  Superintendent  or  Start-up  Superintendent  who  has  the 
assigned  responsibility  for  the  equipment  or  system  shall  be  responsible 
for  issuing  and  control  of  Safety  Work  Permits. 


Oflglnotod  Syt 

Approved*  Sofaty  Oirtetor 

H.  SMITH 

Li  BALL 
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SAFETY  WORK  PERMITS 


4.  PROCEDURE 

i ■ i ■■  ■■-■  « 

A*  No  work  will  be  done  If  any  of  the  conditions  noted  above  under 
SCOPE  exist  until  a Safety  Work  Permit  has  been  issued. 

B.  Safety  Work  Permits  may  be  issued  to  cover  an  area  such  as  would  be 
required  for  expansion  of  existing  facilities  and  additions  of  major 
pieces  of  equipment,  as  well  as  for  work  on  individual  pieces  of 
equipment. 

C.  The  person  issuing  the  permit  will  survey  the  area  where  the  work  is 
to  be  done  and  the  equipment  that  will  be  involved  to  determine  that 
the  work  can  be  done  safely.  It  is  mandatory  therefore,  that  he  be 
completely  familiar  with  the  details  of  the  process  equipment,  the 
process  flow  and  work  that  may  be  in  progress  or  contemplated  in 
adjacent  areas. 

D.  If  Danger  tags  are  required  to.  isolate  certain  equipment  or  systems, 
the  tag  numbers  will  be  recorded  on  the  Safety  Work  Permit  and  the 
permit  will  not  be  issued  until  the  tags  are  in  place.  It  is  the 
responsibility  of  the  originator  to  insure  that  the  equipment,  system 
or  area  has  been  prepared  properly  for  the  work  to  be  performed. 

E.  Any  special  precautions  or  instructions  necessary  to  perform  the  Job 
safely  will  be  noted  on  the  Permit.  If  special  safety  equipment  or 
clothing  is  required,  it  shall  be  specifically  noted. 

F.  The  Safety  Work  Permit  will  be  made  out  in  duplicate  and  a log  made 
out  of  its  existence  and  disposition. 

G.  The  original  copy  will  be  given  to  the  man  or  supervisor  of  the  crew, 
who  will  be  doing  the  work.  The  copy  will  be  kept  by  the  originator. 

H.  If  the  work  continues  beyond  one  shift,  the  original  copy  will  be 
passed  on  to  the  man  or  supervisor  who  is  to  continue  the  work.  When 
the  work  is  completed  this  will  be  noted  on  the  permit  and  the  permit 
returned  to  the  originator. 

I.  The  Safety  Work  Permit  shall  be  considered  to  be  active  until  it  has 
been  physically  returned  to  the  originator  by  the  person  responsible 
for  the  accomplishment  of  the  work. 

J • Once  a Safety  Work  Permit  has  been  issued,  the  originator  shall 

periodically  inspect  the  work  site  and  the  work  in  progress  to  insure 
that  all  special  precautions  and  instructions  are  being  complied  with 
and  that  there  are  no  hazards  to  personnel  or  to  equipment . 


Origlnofod  lyi 

Approvidi  Softly  Director 

Ooto 

H.  SMITH 

L.  BAIL 

6-19-61 
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AIR  SEPARATION  PLANT  SAFETY  WORK  PERMITS 

5<  GENERAL 


The  Safety  Work  Permit  form  can  he  obtained  through  the  Air  Products,  Inc. 
Stationery  Stores.  Form  No.  2026* 


AIR  PRODUCTS.  INC. 

SAFETY  WORK  PERMIT  # 

DATE TIME PLANT 

THIS  FORM  TO  HE  USED  FOR  ALL  WORK  ON  EQUIPMENT  SYSTEMS  WHICH  HAVE 
BEEN  PLACED  IN  AN  OPERATING  STATUS. 

NATURE  OF  WORK  TO  BE  DONE; 

1.  Hot  Work  - Bum  - Weld  - Solder  

2.  Entry  - Vessel  - Column  - Enclosures  

3.  Opening  process  line  or  other  equipment  

4.  other  (specify)  

SPECIAL  INSTRUCTIONS: 

SAFETY  EQUIPMENT  REQUIRED: 

1. 

2 e 


3* 

4. 


Approval  of  person  having  control  DATE 

Signature  of  person  responsible  for  vork  execution 
Date 

Work  Completed  Date  Time 

Signature  of  person  certifying  work  completion 

Form  2026 


Originated  By* 

Approvodi  Safaty  Director 

Dolt 

H.  SMITH 

L.  BALL 

6-19-61 

Ml  information  barton  It  tht  eon  Manila!  proporly  of  Mr  Product*  Inc.,  unlaw  another  court#  It  thowfl. 
It  tuhloel  to  rtlurn  on  d amend  and  mutt  not  bo  dlsdottd  or  rtprodutod  without  prior  written  contont 
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ASME  Boiler  and  Pressure 
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QUALIFICATION  STANDARD  FOR 

WELDING  AND  BRAZING 

PROCEDURES,  WELDERS,  BRAZERS 
AND  WELDING  AND  BRAZING 

OPERATORS 
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American  Society  of  Mechanical  Engineers 
1971 

ASME  Boiler  and  Pressure 
Vessel  Code  Section  XI, 

88P,  1971. 
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NATIONAL  BOARD 
INSPECTION  CODE 

National  Board  of  Boiler  and  Pressure  Vessel 

1968 

A Manual  for  Boiler  and 
Pressure  Vessel  Inspectors 
150P,  1968. 
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by 
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LEHIGH  UNIVERSITY 

FATIGUE-CRACK  GROWTH  RATES  AND  FRACTURE 
TGJGHNESS  STUDY  OF  WELDED  ALUMINUM  ALLOY  5083 

J.  C.  Tafuri 
R.  Roberts 
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Date 


May  it,  1971 


INTER-OFFICE 

MEMORANDUM 

A.  Lapin  l/ 

D.  R.  Latshaw 


Subject, 


Oxygen  Safety  Review 

Check  List 
(87-l-4l4i) 


(Location,  Organization,  or  Department) 


(Location.  Organization,  or  Department) 


cc:  L.  G.  Frederick 

C.  McKinley 


I.  Procedure  for  Solvent  Evaporation  Technique 


DECEIVED 

MAY  13  1971 

R.  & D.  DEPT. 


A.  Procedure 


Transfer  250  ml.  of  the  solvent  trash  sample  through  filter  paper  and  into 
a feOO  ml.  beaker.  The  sample  is  transferred  with  a glass  pipette;  it  is 
never  poured  from  the  sample  can.  All  equipment  coming  in  contact  with  the 
sample  should  have  been  previously  washed  with  diethyl  ether.  Evaporate  the 
solvent  wash  on  a steam  bath  until  the  volume  of  solvent  has  concentrated  to 
20  to  30  ml.  The  concentrated  volume  is  transferred  into  a previously  weighed 
50  ml.  beaker.  The  400  ml.  beaker  is  rinsed  with  four  or  five  small  increments 
of  diethyl  ether  and  these  increments  are  transferred  to  the  50  ml.  beaker. 

The  solvent  in  the  50  ml.  beaker  is  evaporated  until  no  odor  of  the  solvent 
can  be  detected.  The  beaker  is  placed  in  a dessicator  for  half  an  hour, 
removed  and  the  unevaporated  residue  is  weighed.  The  weighed  beaker  should 
be  handled  with  crucible  tongs,  and  n$ver  handled  with  the  experimentor's 
hands.  The  weight  of  the  residue  (in  grams),  minus  the  weight  of  the  residue 
from  the  blank,  is  multiplied  by  four  and  is  expressed  as  grams  of  soluble 
contaminants  per  liter  of  solvent  wash.  The  blank  is  determined  by  evaporating 
250  ml.  of  the  same,  but  unused  solvent. 

fi.  Identi f ication 

The  residue  from  the  sample  is  smeared  between  two  pressed  sodium  chloride 
inf reared  plates.  An  infrared  spectrum  is  obtained  for  the  residue,  and 
attempts  are  made  to  identify  the  spectrum.  Four  of  the  most  typical 
spectra  are  identified  below.  £j 

A typical  hydrocarbon  oil  shows  only  three  major  absorption  bands.  These  S 
bands  are  at  3.45,  6.83  and  7.25  microns.  r 

A cellulube  oil  shows  numerous  absorption  bands.  Some  of  the  major  bands  are  £ 
at  10.35,  7.65,  9.00,  6.68,  8.05,  8.40,  8.72,  9-90,  3.30,  3.40,  12.30,  6.20,  5 
6.31,  10.82  and  11.20  microns.  £ 
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A silicone  oil  shows  five  major  absorption  bands.  These  bands  are  at  7-95 , 9*20,  i 
9*78,  12.50  and  3.42  microns.  } 
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A fluorolube  grease  shows  four  major  absorption  bands.  These  bands  are  at 
8.30,  8.85,  10.30  and  11.10  microns. 

C.  Problems 


Extreme  care  must  be  exercised  to  see  that  the  following  cautions  are 

observed. 

1.  All  equipment  coining  into  contact  with  the  solvent  must  be  previously 
cleaned  with  diethyl  ether  or  unused  solvent. 

2.  If  the  solvent  is  going  to  be  stored  in  cans,  the  cans  must  be  washed 
with  the  solvent  before  they  are  used.  Even  if  the  cans  are  previously 
washed  with  the  solvent,  experiments  have  shown  that  the  solvent  can 
extract  organic  material  out  of  the  soldered  seams  of  the  metal  can. 
Therefore,  the  storage  time  of  the  solvent  in  metal  cans  should  be  held 
to  a minimum. 

3.  When  storing  the  solvent  in  glass  bottles , care  must  be  exercised  in 
selecting  a top  for  the  bottle.  Bo  top  containing  an  inner  liner  that 
has  some  organic  material  which  is  capable  of  being  extracted  by  the 
solvent  can  be  used. 

4.  When  using  a glass  apparatus,  care  must  be  taken  to  see  that  the  solvent 
does  not  come  into  contact  with  any  glass  joints  or  stopcocks  which  would 
have  a silicone  lubricant  on  them. 

5«  All  beakers  to  be  weighed,  should  be  handled  with  crucible  tongs. 

The  beakers  should  never  come  into  contact  with  the  experimentor’s 
skin. 

II.  Extraction  of  Ether  Soluble  Materials  - Oil  Content  Determination  Procedure 


A.  Apparatus 

Soxhlet  extraction  apparatus  (large),  123  x 43  mm.  extraction  thimble, 
analytical  balance,  long-stemmed  glass  funnel,  Whatman  No.  4l  filter  paper, 
and  a 50  ml.  pyrex  beaker. 

B.  Procedure 


The  sample  to  be  separated  is  placei  in  a previously  weighed  extraction 
thimble.  The  thimble  plus  sample  is  reweighed  to  obtain  the  sample  weight. 
The  thimble  containing  the  sample  is  placed  in  the  Soxhlet  extraction 
apparatus  containing  250  ml.  of  anhydrous  diethyl  ether  and  extracted  for 
approximately  8 hours.  At  the  end  of  this  time,  the  thimble  is  removed 
and  the  excess  ether  which  it  contains  is  returned  to  the  Soxhlet 
apparatus  flask.  Continue  to  heat  the  flask  without  the  condenser  portion 
of  the  Soxhlet  apparatus  until  the  volume  of  ether  has  concentrated  to 
20-30  ml.  The  concentrated  volume  is  filtered  through  the  filter  paper 
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into  a previously  weighed  50  ml.  beaker.  The  flask  is  rinsed  with  four 
or  five  small  increments  of  ether  and  this  is  transferred  through  the 
filter  paper  to  the  beaker.  The  filter  paper  is  then  washed,  the  rinse 
entering  the  beaker.  The  ether  filtrate  and  washings  are  heated  at  a 
temperature  10  to  15°  above  that  of  the  boiling  point  of  diethyl  ether 
until  no  odor  of  ether  can  be  detected.  The  beaker  is  placed  in  a 
dessicator  for  half  an  hour,  removed  and  weighed.  The  percent  of  oil  by 
weight  in  the  sample  is  calculated  by  dividing  the  weight  of  extracted 
material,  minus  the  blank,  by  the  original  weight  of  the  sample.  The  blank 
is  determined  by  weighing  the  residue  obtained  upon  evaporation  of  250  ml. 
of  diethyl  ether. 

C.  Problems 

Most  of  the  same  precautions  listed  under  problems  encountered  with  the 
solvent  evaporation  technique  pertain  to  this  extraction  technique  also. 
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AIR  SEPARATION  PLANT 


OPERATION 


1.  PURPOSE 

This  check  list  is  presented  as  an  aid  to  maintain  safe  operating  plants. 

A periodic  inspection  should  be  made  by  plant  management  personnel 
responsible  for  safety  to  assure  that  the  plant  equipment  is  in  satisfactory 
condition  and  that  plant  personnel  observe  safe  operating  practices. 

It  is  also  the  intent  that  this  check  list  be  used,  where  applicable,  by 
the  start-up  supervisor  to  determine  if  adequate  safety  precautions  are 
provided  prior  to  initial  plant  start-up. 

2.  3C0PB 

This  check  list  is  designed  for  use  with  air  separation  plants.  However, 
the  major  portion  of  the  check  list  is  applicable  to  other  plants  such 
as  purification  plants,  etc.  Since  the  check  list  reflects  the  present 
design  criteria,  several  items  in  the  check  list  may  not  be  provided  for 
in  plants  designed  and  erected  in  prior  years. 

The  intent  of  the  check  list  is  to  be  self-sufficient  to  permit  use  by 
operating  supervision.  Therefore,  duplication  of  portions  of  the  Design 
Air  Separation  Check  List  610.1.2  will  be  observed. 


CHECK  LIST 


The  check  list  format  is  such  that  affirmative  answers  should  be  obtained 
to  the  questions.  Negative  answers,  if  applicable  to  the  particular  plant 
would  indicate  a possible  unsafe  condition  and  corrective  action  should  be 
taken  to  eliminate  the  unsafe  condition. 


A.  PLANT  SITE 

(1)  Is  the  plant  remote  from  neighboring  industries  and 
equipment  that  would  present  a hazardous  condition? 

(2)  Is  an  air  analysis  made  periodically  in  the  vicinity 
of  the  inlet  air  filter  if  hazardous  contamination 
is  possible? 

NOTE:  Site,  Air  Separation  Check  List  is  contained  in 

Safety  Standard  610.1.1. 

B.  PLANT  LAYOUT 

(1)  Is  an  adequate  safe  parking  area  provided  for 
company  employees  and  visitors'  vehicles? 

(2)  Is  adequate  concrete  slabbing  provided  and 
maintained  free  of  crevices  in  areas  where 
liquid  may  be  spilled? 
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AIR  SEPARATION  PLANT  OPERATION 

3*  CHECK  LIST  (Contd)  YES 

B.  PLANT  LAYOUT  (Contd) 

(3)  Is  asphalt  confined  to  areas  where  liquid  oxygen 
cannot  be  spilled? 

(4)  Is  the  plant  area  properly  sloped  for  drainage? 

(3)  Is  adequate  lighting  provided  throughout  the  plant? 

(6)  Is  ade  quate  ventilation  provided  in  the  buildings 
where  oxygen  or  flamsable  gases  might  concentrate? 

C.  HOUSEKEEPING 

Are  good  housekeeping  habits  observed  as  follows: 

ll)  Self -closing  metal  containers  provided  for  disposal  of 
oil  soaked  cloths  and  other  flammable  materials? 

(2)  Aisles  marked  with  safety  yellow  and  maintained  clear 
of  material  and  equipment? 

(3)  Areas  adjacent  to  oxygen  equipment  and  piping  maintained 
free  of  oil  and  grease? 

(4)  Are  tools  placed  in  their  proper  place? 

( 5)  Are  temporary  lines  kept  to  a minimum  and  positioned 
such  that  they  are  not  a tripping  hazard? 

(6)  Are  an  adequate  number  of  ladders  provided,  inspected 
periodically,  and  equipped  with  safety  feet? 

(7)  Are  fixed  ladders  20  feet  or  more  in  height  equipped 
with  safety  cages? 

D.  OPERATING  AREA: 

(1)  Are  ladders  and  operating  platforms  provided  for  valves 
requiring  daily  operation? 

(2)  Are  critical  instruments  positioned  such  that  the 
operator  has  a clear  view  of  them  from  the  operating 
area? 

(3)  Is  there  adequate  operating  space? 

(4)  Are  operators  prohibited  from  using  pipe  lines,  process 
equipment,  or  valve  stems  as  steps  or  operating 
platforms? 
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AIR  SEPARATION  PLANT 
3.  CHECK  LIST  (Contd) 

E.  PLANT  EQUIPMENT 

(1)  Air  Intake  Filter 


a.  Ib  the  location  of  the  filter  such  that  venting 
oxygen  and  excessive  water  vapor  from  the  cooling 
tower  will  not  enter  the  filter? 

b.  Is  a "no  parking"  sign  display  1 to  prevent  internal 
combustion  engine  fumes  from  entering  the  filter? 

c.  If  oil  bath,  is  approved  type  oil  used?  Specify 

type  used.  

d.  Is  the  filter  cleaned  periodically? 

e.  Is  the  cleaning  solvent  used  an  approved  type? 

Specify  type  used. — 

f.  Is  the  oil  inspected  weekly? 

(2)  Air  Compressors 

a.  Are  lubrication  rates  maintained  at  the  minimum 
recommended  rate  set  by  the  manufacturer  or  at 
the  rate  established  by  the  Machinery  Design 
Section  (after  break-in  of  the  compressors)? 

b.  Are  lubrication  feed  rates  recorded  for  each 
cylinder  on  a daily  basis? 

c.  Are  crankcase  lubrication  rates  recorded? 

d.  Are  the  rates  normal? 

Are  air  discharge  temperatures  maintained  lower  than  the 
maximum  allowed  lubricating  temperatures  listed  below: 

Plants  larger  than  25  T/D: 

e.  Hydrocarbon  cylinder  lubricants,  350°F. 

f.  Paraffinic  base  cylinder  lubricants,  36 5° F. 

g.  Fire  retardant  synthetic  cylinder  lubricants 
(Cellulube,  Pydraul  AC  ),  385°F- 

Standard  Plants 

h.  Using  manufacturers'  recommendations. 
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AIR  SEPARATION  PLANT 


OPERATION 


3.  CHECK  LIST  (Contd) 

E.  PLANT  EQUIPMENT  (Contd) 

(2)  Air  Compressors  (Contd) 

i.  Are  all  separators  blown  down  at  least  hourly  on 
each  start-up  before  air  is  introduced  to  the  plant 
and  on  plant  shutdown? 

J.  Is  the  compressor  area  free  of  oil  leakage? 

k.  Is  the  compressor  pad  sealed  and  free  of  cracks? 

l.  Is  the  compressor  motor  pit  maintained  free  of  oil 
and  provided  with  adequate  drainage  to  prevent 
water  damage  to  the  motor  or  electric  leads? 

m.  Are  the  motor  windings  free  of  dirt  and  oil? 

n.  Is  an  approved  cleaning  solvent  used  on  the  motor? 

o.  Are  the  coolers  inspected  periodically  for 
corrosion? 


р.  Is  the  motor  of  adequate  size  so  that  full-time 
operation  on  the  service  factor  is  not  required? 

( 3)  Caustic  Scrubbers 

a.  Is  the  floor  maintained  free  of  caustic? 

b.  Is  the  piping  and  equipment  inspected  periodically 
for  corrosion? 

с.  Is  it  impossible  for  caustic  solution  to  backflow 
into  potable  water? 

d.  Are  pump  packing  spray  shields  installed? 

e.  Is  spent  caustic  discharged  into  a safe  container 
and  safe  location? 


f . Are  armoured  reflex  type  liquid  level  gouges  or 
plastic  guards  provided  on  the  caustic  tanks? 

g.  Are  gauges  inspected  every  six  months  for  service- 
ability? 


YES 
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YES 


AIR  SEPARATION  PLANT  OPERATION 

3.  CHECK  LIST  (Contd) 

E.  PLANT  EQUIPMENT  (Contd) 

(3)  Caustic  Scrubbers  (Contd) 

Is  the  following  personnel  protection  equipment 

available  in  good  condition,  and  used  by 

operators: 

b.  Chemical  goggles? 

i.  Face  shields? 

J . Aprons? 

k.  Dilute  vinegar? 

l.  Eye  and  deluge  shower? 

(U)  Water  Wash  Towers 

a.  Is  the  water  pressure  interlocked  with  the  main  air 
compressor  motor? 

b.  Are  the  towers  and  piping  checked  periodically 
for  corrosion? 

(5)  Air  Driers 

a.  Is  the  drier  precooler  separator  blowdown  performed 
hourly? 

b.  Is  the  drier  filter  blowdown  performed  hourly? 

c.  Are  negative  result:  obtained  when  checking  for 
oil  by  blowdown  of  the  drier  filter  blowdown  valve 
onto  white  cloth? 

d.  Has  the  drier  filter  been  free  of  oil  when  inspected? 

If  not,  what  action  was  taken? 


e.  Is  the  reactivation  gas  90$  purity  (or  better) 
nitrogen? 
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AIR  SEPARATION  PLANT 


OFERATIOH 


CHECK  LIST  (Contd) 

E.  PLANT  EQUIPMENT  (Contd) 

(5)  Air  Driers  (Contd) 

Is  the  reactivation  cycle  maintained  with  the  correct 

drier  outlet  temperatures  listed  below: 

f.  Hydrocarbon  lubricant  In  compressor  cylinder,  300°P. 

g.  Synthetic  lubricant  in  compressor  cylinder,  350°P* 

(6)  Reactivation  Blower 

a.  Is  the  blower  shut  down  immediately  In  the  event 
that  the  compressor  is  shut  down  or  the  normal  vent 
gas  to  the  atmosphere  is  lost? 

b.  Is  the  reactivation  inlet  valve  to  the  hydrocarbon 
adsorber  shut  immediately  if  the  adsorber  is  on 
reactivation  and  the  reactivation  gas  supply  is 
stopped? 

(7)  Air  Separator 

a.  Was  a complete  plant  washout  performed  after  the 
* first  year  of  operation? 

b.  What  results  were  obtained  after  the  wash  out 

after  the  first  year  of  operation?  


wzdjSKtt 


c.  List  subsequent  complete  plant  washouts  with  results. 

Date Result 

Date Result 

Date Result 

d.  When  is  the  next  complete  plant  washout  scheduled? 

D»  * e; 

e.  Is  the  cold  box  tested  weekly  for  oxygen  concentrate 
ion? 

f.  Is  the  purge  adequate  (5  psig;  2 pslg  if  supply  is 
large  as  for  example  from  the  low  pressure  column)! 

g.  Is  corrective  action  taken  if  the  oxygen  concentrat- 
ion exceeds  21$? 
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AIR  SEPARATION  PLANT 

OK’xATION 

3.  CHECK  LIST  (Contd) 

YES 

, E.  PLANT  EQUIPMENT  (Contd) 

(7) 

Air 

Separator  (Contd) 

h. 

Is  the  cold  box  jacket  free  of  frost  spots? 

i. 

Is  the  box  purge  taken  from  the  waste  nit: ogen  line 
off  the  top  of  the  low  pressure  column? 

J- 

Are  all  valve  boots  and  valve  panels  seeded? 

k. 

Are  all  removalbe  panels  tightly  seeded  with  an 
approved  seeder  (Putti  Rope  or  molded  synthetic 
rubber  gasket)? 

1. 

Is  the  cold  box  foundation  heated  to  prevent 
freezing  and  heaving  of  the  sub-soil? 

m. 

Is  the  cold  box  pad  maintained  in  a crack-free 
condition? 

n. 

Is  the  cold  box  area  malntedned  free  of  dirt  and 
hydrocarbons? 

0. 

Are  an  adequate  number  of  "No  Smoking”  nlgns 
prominently  displayed  in  the  area? 

p* 

If  the  plant  is  to  be  shut  down  for  twenty-four 
hours  or  longer,  is  all  crude  and  pure  liquid 
oxygen  drained  from  the  plant? 

q- 

If  the  period  of  shutdown  is  such  that  the  liquid 
level  in  the  reboiler  will  & op  below  one  fourth 
the  normal  level,  is  the  liquid  drained  immediately 
upon  shutdown? 

(8) 

Hydrocarbon  Adsorbers 

a. 

Is  the  reactivation  gas  90$  purity  (or  better) 
nitrogen? 

b. 

If  a by-pass  for  the  adsorbers  is  provided,  is  the 
by-pass  used  for  start-up  only? 

c* 

Are  the  recommended  reactivation  temperatures 
(inlet,  325°F;  outlet,  250°F)  achieved? 

d. 

Is  the  proper  reactivation  cycle  maintained? 

e. 

Is  the  udsorber  filter  inspected  periodically? 
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SAFETY  STANDARDS 

610  CHECK  LIST 


SEPARATION  FLAHT  OTS 

CHECK  LIST  (Contd) 

E.  PLAHT  EQUIFMEHT  (Contd) 

(9)  CO2  Filter 

a.  Is  the  reactivation  gas  90 $ purity  (or  better) 
nitrogen? 

(10)  Oxygen  Pumps 

a.  If  the  sub -cooling  medium  Is  oxygen,  is  the  coolant 
side  of  the  subcooler  blonm  down  periodically  to 
prevent  accucilation  of  hydrocarbons? 

b.  Is  tiie  Jacket  free  of  frost  soots? 

c.  Is  the  pwp  box  tested  weekly  for  oxygen  concen- 
tration? 

d.  Is  corrective  action  taken  if  the  oxygen  concen- 
tration reaches  21$. 

e.  Is  the  area  maintained  free  of  oil? 

f . Are  there  an  adequate  randier  of  "Ho  Banking" 
signs  in  the  area? 

g.  Is  the  LOK  pump  shut  down  iranediately  if  the  air 
supply  to  the  main  heat  exchangers  is  stooped? 

(This  will  prevent  temperatures  below  -20®F  in 
carbon  steel  lines  downstream  of  the  exchangers) . 

(11)  Expanders 

a.  Is  the  area  free  of  oil  traces  from  leakage  end 
misting  from  the  breathers  or  vents? 

b.  Are  expander -lc  ider  drives  guarded? 

c.  Is  the  lube  oil  make-up  rate  approximately  the 
same  as  the  recommended  make-up  rate? 


d.  Is  the  overspeed  protection  device  in  operable 
condition? 
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AIR  SEPARATION  PLANT 
3*  CHECK  LIST  (Contd) 

E.  PLANT  EQUIPMENT  (Conti) 

(12)  Turbo  Expander 


OPERATION 

I YES 


a.  Is  the  interlock  to  shut  down  the  oil  pump  on  low 
pressure  seal  air  functioning  properly? 

b.  If  belts  are  used  between  loading  device  and  engine 
are  all  belts  in  good  condition? 

(13)  Expansion  Engine  Oil  Separator  and  Filter 

a.  Are  the  recamended  reactivation  temperatures 
(inlet,  6oO°F;  outlet,  500°F)  achieved  at  the 
inlet  and  outlet? 


b.  Are  the  filters  inspected  periodically? 

c.  Is  the  piping  design  such  that  the  oil  separator 
and  filter  cannot  be  by-passed? 

(14)  Liquid  Storage 

a.  Is  cross  flow  of  oxygen  and  defrost  gas  obtained  in 
the  storage  tank? 

b.  Is  the  storage  box  checked  weekly  at  several  points 
to  determine  the  oxygen  concentration? 

c.  Is  corrective  action  taken  if  the  oxygen  concen- 
tration reaches  21$? 

d.  Are  there  remote  operating  shut-off  valves  at 
locations  where  large  quantities  of  LOK  or  liquid 
hydrogen  are  stored  and  failure  of  a tank  would 
present  an  extreme  hazard? 

e.  Is  the  storage  box  Jacket  or  storage  tank  outer 
shell  free  of  frost  spots? 

f . When  wrs  the  storage  tank  last  cleaned? 

Dat 


g.  Was  the  cleanliness  established  by  a "black  light 
test"? 


h.  Are  personnel  forbidden  to  enter  empty  storage  tanks 
until  the  atmosphere  has  been  determined  to  contain 
a minimum  of  18$  and  a maxinrm  of  25$  oxygen? 
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SEPARATION  PLANT  OPERATION 

CHECK  LIST  (Contd) 

E.  PLANT  EQUIPMENT  (Contd) 

(lU)  Liquid  Storage  (Contd) 

i.  Are  safety  belts  and  life  lines  worn  when  entering 
a tank? 

J.  Is  welding  Inside  tanks  forbidden  unless  positive 
ventilation  of  the  tank  or  a self-contained 
breathing  apparatus  is  provided? 

k.  Is  the  storage  of  cryogenic  liquids  in  tanks  limited 
to  the  following  capacities: 


Below  1*0  psig 
1*0  to  80  psig 
above  80  psig 


5-0* 

7.5* 

10.0* 


l.  Are  hydrogen  tanks  checked  weekly  for  trace  oxygen? 

m.  Are  an  adequate  number  of  "Ho  Smoking"  signs 
displayed? 

(1$)  Liquid  Transfer  Area 

a.  Is  a minimum  of  12  feet  of  concrete  provided  on 
the  trailer  side  of  the  trailer  wheel  stop? 

b.  Is  the  concrete  pad  sloped  to  permit  flow  of 
liquid  to  the  least  hazardous  area? 

c.  Ia  the  concrete  pad  maintained  free  of  cracks  which 
would  tend  to  permit  accumulation  of  dirt  and 
grease? 

d.  Is  an  adequate  trailer  wheel  stop  provided? 

e.  Are  transfer  hoses  hydrostatically  tested  every 
six  months? 

f . Is  a fire  water  protection  system  provided  and  in 
operable  condition? 

Transfer  Procedures 

Refer  to  Fleet  Safety,  Section  635  of  the  industrial 

Safety  Standards  In  the  Engineering  Standards. 
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AIR  SEPARATION  PLANT 
3.  CHECK  LIST  (Contd) 

E.  PLANT  EQUIPMENT  (Contd) 

(16)  Interconnecting  Piping 


OPERATION 


YES 


a.  Are  high  :nu  low  temperature  lines  and  equipment 
provided  with  insulation? 

b.  Is  insulation  oxygen  li'  es  of  an  approved  type 
(Foamglas  with  Keene  binde;  manufactured  by 
Pittsburgh-Corai  ng)  ? 


c.  Is  piping  securely  supported  to  eliminate  vibration? 

d.  Are  pipe  supports  visible  for  inspection  in  order 
that  failure  of  a support  may  be  detected? 

e.  Are  all  sealants  other  than  Teflon  ribbon  dope 
prohibited  for  use  in  oxygen  service? 

f.  Are  all  lines  operating  at  below  <-20° F (during 
normal  operation,  cold  shut  down,  and  even  plant 
upset)  of  non-ferrous  or  austenitic  stainless 
steel  construction? 


g.  Are  low  temperature  alarms  provided  where  carbon 
steel  r.;  ping  temperature  could  go  below  -20° F. 

h.  Are  all  vents  positioned  such  that  cold  liquid  or 
gases  and  caustic  solutions  will  not  discharge 
into  operating  areas  or  impinge  on  equipment, 
piping,  or  power  lines? 

i.  Are  high  pressure  lines  and  vessels  relieved  of 
pressure  prior  to  working  on  lines? 

(17)  Instrumentation 

a.  Are  all  high  pressure  gauges  (100  psig  and  over) 
equipped  with  blowout  plugs  or  backs  and  plastic 
fronts? 


b.  Are  all  oxygen  safety  valves  headered  outside  the 
building  or  vented  directly  outside  the  building? 


c.  Are  all  safety  valve  vents  positioned  such  that 
cold  liquid  or  gas  will  not  discharge  into 
operating  areas  or  impinge  on  equipment,  piping, 
or  power  lines? 
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SAFETY  STANDARDS 

610  CHECK  LIST 


SEPARATION  PLANT 
CHECK  LIST  (ContdL) 

E.  PLANT  EQUIFMBIT 

(17)  Instrumentation 


OPERATION 


d.  Are  safety  valves  protected  from  extreme  weather 
(freezing  rain  and  snow)  to  prevent  inoperability? 

e.  Are  all  safety  valves  sealed? 

f . Are  safety  valves  Inspected  and  cleaned  at  least 
once  a year? 


g.  Are  safety  valves  Installed  in  a vertical  position? 
(Malfunction  may  result  if  installed  in  other  than 
the  vertical  position). 

h.  Are  leaking  safety  valves  repaired  or  replaced 
promptly? 

1.  Are  plastic  fronts  used  on  instruments  to  prevent 
shattering  and  injury  to  personnel? 


J.  Is  an  oxygen  sniffer  (equal  to  Beckman  Model  D 
Portable  Oxygen  Analyzer)  available  and  in  good 
condition? 

(16)  Hydrocarbon  Testing 


Acetylene  T<$st 

a.  Are  solutions  e^d  apparatus  in  good  condition? 

Are  acetylene  tests  performed  as  indicated  at  the 
following  points: 

b.  Reboiler  condenser  (daily)? 

c.  Liquid  storage  (weekly)? 

d.  Is  corrective  action  taken  immediately  if  positive 
results  are  obtained  (plant  shutdown  is  required 
by  responsible  authority  if  results  show  2 ppm)? 
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SAFETY  STANDARDS 

610  CHECK  LIST 

AIR  SEPARATION  PLANT  OP 

3.  CHECK  LIST  (Contd) 

E.  Plant  Equipment  (Contd) 

(18)  Hydrocarbon  Testing 

Total  Hydrocarbon  Analysis 

Is  an  analysis  taken  at  the  following  points: 

e.  Required  - Reboiler  liquid,  or  product  line  if 

representative  of  reboiler  liquid? 

f . Required  - High  pressure  air  stream  after  COg 

removal  and  prior  to  any  liquif action? 

g.  Optional  * Crude  oxygen  line  downstream  of  the 

hydrocarbon  adsorber? 

Are  plant  management  personnel  aware  of  the  action 
to  take  if  the  following  results  are  obtained: 

h.  Any  upward  trend  of  hydrocarbon  concentration 
deviating  from  the  established  normal  range? 

( Investigation  and  corrective  action  required 
in  the  event  of  this  condition.) 

i.  An  increase  above  500  ppm,  this  limit  is  lower 
for  plants  located  in  areas  where  low  solubility 
hydrocarbons  are  present  in  the  atmosphere  due  to 
neighboring  industries? 

(Plant  shutdown,  dumping  of  liquid,  and  corrective 
action  to  eliminate  cause  is  required  by  respon- 
sible plant  authority. ) 

(19)  Gas  Storage  and  Cylinder  Charging 

NOTE:  Refer  to  Section  610.2.1  General  Acetylene 

Check  List  of  the  Safety  Standards  for 
acetylene  producing  plants. 

a.  Are  oxygen  cylinders  maintained  a minimum  distance 
of  20  feet  from  flammable  gas  cylinders  unless 
separated  by  a masonry  partition? 

b.  Are  oxygen  cylinders  and  flanmable  gas  cylinder 
areas  clearly  identified? 

c.  Are  empty  and  full  cylinders  segregated? 

d.  Are  areas  for  empty  and  full  cylinders  clearly 
identified? 

e.  Is  the  storage  area  and  charging  area  free  of 
flanmable  materials? 
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SAFETY  STANDARDS 

610  CHECK  LIST 


AIR  SEPARATION  FLAHT 
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CHECK  LISP  (Contd) 


B.  Plant  Equipment  (Contd) 

(19)  Oas  Storage  and  Cylinder  Charging  (Contd) 

f.  Are  aisles  narked  with  safety  yellow  and  maintained 
clear? 


g.  Are  cylinder  caps  Installed  when  cylinders  are  not 
In  use,  or  are  being  moved? 

h.  Are  an  adequate  number  of  "Ho  Smoking"  signs 
displayed? 

(20)  Material  Storage 

a.  Are  all  chemicals  and  oils  properly  labeled? 

b.  Is  the  Intended  use  for  the  various  materials 
noted? 

c.  Is  solvent  and  paint  storage  segregated  from  leas 
volatile  material  and  from  oxygen  equipment  and 
piping? 

d.  Are  "No  Smoking  or  Open  Flame"  signs  posted? 

e.  Are  all  spare  parts  labeled  with  appropriate 
Material  Code  number  and  stored  in  an  orderly 
manner? 

f . Are  hydrocarbon  decontaminated  parts  sealed  to 
prevent  recontamination? 

g.  Are  spare  parts  carefully  examined  prior  to 
installation  to  determine  their  adequacy  for 
temperatures  and  pressures  Involved? 

h.  Are  all  threading  sealants,  packing  materials,  etc. 
suitable  for  oxygen  service?  (Any  material  not 
approved  for  oxygen  service  should  be  disposed 

of  or  tagged:  "Do  Hot  Use  in  Oxygen  Service".) 


SAFETY  STANDARDS 

610  CHECK  LIST 
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AIR  SEPARATION  PLANT 
3.  CHECK  LIST  (Contd) 

P.  PLANT  SAFETY  AND  FIRE  FIGHTING  EQUIPMENT 


OPERATION 


YES 


(1)  Plant  Safety  Program 

a.  Are  monthly  safety  meetings  held? 

b.  Is  safety  literature  posted  on  the  safety  bulletin 
board  and  discussed  in  safety  meetings? 

c.  Is  the  safety  committee  active? 

d.  Are  new  employees  instructed  in  safety? 


e.  Are  employees  trained  in  first  aid? 

f.  Is  a doctor's  name,  address,  and  phone  number 
prominently  displayed  in  several  locations? 

g.  Are  alternate  doctors  also  listed? 

h.  Are  employees  trained  in  the  use  of  fire  extinguish* 
ing  equipment? 

i.  Is  a private  fire  origade  organized? 

j.  Is  the  locei  fire  fighting  organization's  phone 
number  displayed  in  several  locations? 

k.  Has  the  local  Fire  Department  been  contacted  to 
determine  what  equipment  they  have  available  and 
to  familiarize  them  with  potential  hazards  in  the 
plant? 

(2)  Safety  Equipment 

Is  the  following  safety  equipment  provided  and  used: 

a.  Gloves? 

b.  Safety  gl.  sees  vith  side  shields? 

c.  Chemical  goggles? 

d.  Face  shields? 

e.  Approved  flashlights  (M.S.A.  permissible  or  equal)? 

f.  Explosion-proof  hand  lamps? 
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AIR  SEPARATION  PLANT 
3.  CHECK  LIST  (Contd) 

F.  PLANT  SAFETT  AMD  FIRE  FIQHPINO  EQUIPMENT  (Contd) 

(2)  Safety  Equipment  (Contd) 


g.  Safety  bats? 

b.  First-aid  supplies? 
1.  Stretchers? 


J.  Gas  mask  or  blower  mask? 

k.  Respirators? 

( 3)  Plant  Operations 

a.  Are  up-to-date  operating  handbooks  available? 

b.  Are  the  handbooks  used? 

c.  Is  the  work  permit  system  used? 

d.  Is  safety  tagging  used? 

e.  Is  plant  management  f antiliar  with  state  and  local 
codes? 

f . Is  advantage  taken  of  assistance  from  the  State 
Industrial  Coamission? 

g.  Is  safe  plant  operation  reviewed  regularly  with 
plant  operators? 

h.  Are  all  electric  hand  tools  properly  grounded? 

(4)  Fire  Fighting  Equipment 

a.  Are  an  adequate  number  of  fire  hydrants  located  in 
tb»  plant  area  or  adjacent  ■“'O  the  plant? 

b.  Art  fire  hoses  hydrostatically  tested  to  150  psig 
for  three  minutes  every  twelve  m.  vths? 

c.  A re  fire  hoses  readily  accessible  and  maintained  in 
good  operable  condition? 


SAFETY  STANDARDS 

610  CHECK  LIST 


610.1.5 


AIR  SEPARATION  PLANT  OPERATION 

3.  CHECK  LIST  (Contd) 

F.  PLANT  SAFETY  AND  FIRE  FIGHTING  EQUIPMENT  (Contd) 

(4)  Fire  Fighting  Equipment 

d.  Are  fire  blankets  available,  mounted  in  canisters  on 
vails,  and  in  accessible  locations? 

e.  Are  an  adequate  number  of  fire  extinguishers  provided 
in  the  plant? 

f . Is  a visual  inspection  of  all  fire  extinguishers 
made  every  month? 

Is  a visual  inspection  of  fire  extinguishers  made 
every  other  month  for: 

g.  Broken  seals? 

h.  Weight,  or  If  liquid,  is  it  full? 

1.  Condition  of  hose? 

Pressure  gauge,  if  applicable? 

k.  Nozzle? 

l.  Ticketing? 

NOTE:  If  a seal  is  broken  on  any  extinguisher,  it  should  be 

treated  as  though  it  is  empty  and  a thorough  inspect- 
ion  should  be  made. 
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Energy,  highly  concentrated,  each  thimbleful  potent,  yet  packaged,  transferred, 
end  stored  in  tonnage  lots— this  characterizes  the  low- temperature  fuels  and  oxi- 
dants which  power  missiles.  Their  intentional  and  efficient  combination  in  a mis- 
sile engine  can  propel  a ton  of  material  (in  a small  number  of  packages)  thousands 
of  miles  into  space.  Their  unintentional  combination,  even  with  less  efficiency, 
may  yield,  some  fraction  of  the  same  result,  possibly  propelling  a large  number  of 
packages  comparatively  smaller  distances  across  the  surface  of  the  earth.  Herein 
lieB  a safety  problem.  High-energy  propellants  are  essential  to  miasile  success,  yet, 
they  must  be  prepared  and  handled  in  such  a manner  that  their  high  energy  remains 
impotent  until  demanded. 

Hazards  associated  with  cryogenic  fluids  can  be  broken  down  into  four  categories. 

1.  Personnel  exposure  to  extreme  cold  or  to  inert  or  toxic  gases. 

2.  Brittleness  of  structural  materials  at  low  temperatures. 

(This  may  not  be  a hazard  in  itself  but  can  contribute  to  personnel 
exposure  or  to  the  formation  of  flammable  mixtures.) 

3-  High  pressure  arising  from  confinement  of  liquids  and  gases. 

ifc.  Flammability. 

We  will  give  over  greatest  consideration  to  number  h,  since  the  elimination  of 
unintentional  flammable  mixtures  is  the  most  serious  problem. 

Most  of  our  attention  will  be  focused  on  a common  low-temperature  oxidant, 
liquid  oxygen  and  on  the  lovest-temperature  fuel, liquid  hydrogen.  Since  high-pres- 
sure gaseous  oxygen  presents  flammability  problems  closely  related  to  liquid  oxygen, 
it  will  also  receive  emphasis.  Inert  low-temperature  liquids  such  as  nitrogen  and 
helium  will  be  mentioned  only  briefly.  Since  this  subject  is  very  broad  and  not  all 
avenues  can  be  pursued  in  the  available  time,  we  will  allow  a substantial  discussion 
period,  where  some  of  your  interests  may  be  more  fully  developed. 

Let's  look  at  liquid  oxygen.  Commercial  producers  and  handlers  set  primary 
emphasis  for  safety  on  fuel  control,  with  secondary  consideration  to  prevention  of 
ignition.  To  control  fuels,  we  must  know  what  they  are  and  when  they  reach  a flam- 
mable range.  With  respect  to  liquid  oxygen,  we  can  class  fuels  into  three  groups. 

1.  Soluble  hydrocarbons. 

2.  Insoluble  hydrocarbons. 

3.  .Other  materials,  including  some  inorganics  not  usually  classed  as  fuels. 

Soluble  hydrocarbons  will  burn  or  explode  in  liquid  oxygen  only  if  their  lower 
flsm  ability  limits  are  exceeded.  Although  no  extensive  data  on  liquid  oxygen-hydro- 
carbon flammability  limits  has  been  published,  a paper  entitled  "Oxygen  Plant  Safety 
Principles",  appearing  in  CHEMICAL  ENGINEERING  PROGRESS  in  Me  ch  1957,  points  out  that 
liquid  phase  limits  will  not  be  lower  than  the  gas  phase  limits  available  in  many 
publications.  Figure  1 shows  the  flammability  envelope  of  the  system  methane,  oxygen, 
nitrogen.  The  point  labeled  "oxygen"  represents  100-percent  oxyger,  the  one  labeled 
"nitrogen"  represents  pure  nitrogen,  and  the  other  comer  pure  methane.  The  s^de  of 
the  triangle  opposite  the  oxygen  comer  represents  0 -percent  oxygen.  Likewise,  the 
sides  opposite  Methane  and  nitrogen  represent  zero  composition  for  those  substances. 
Note  that  the  shaded  area  indicates  mixtures  of  these  substances  which  are  flcmmnble. 
Outside  of  the  shaded  area  no  combustion  can  take  place.  Considering  mixtures  of 
methane  and  oxygen  only,  with  no  nitrogen  present,  we  focus  our  attention  on  the  base 
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line  connecting  the  methane  and  oxygen  comers.  This  is  the  O-perccnt  nitrogen  line. 
Note  that  the  comers  of  the  envelope  intersect  the  line  at  5~pcrccnl  methane  and 
at  6l-percent  methane.  These  are  the  gas  phase  flammahillty  limits  of  methane  in 
oxygen. 

The  dotted  line  within  the  envelope  represents  flammability  limits  of  liquid 
methane  in  liquid  oxygen,  as  detemlned  at  Air  Products ' Research  Laboratory,  using 
a No.  6 dynamite  cap  as  an  initiator.  The  initiator  is  mentioned  because,  conceivably, 
the  liquid  phase  envelope  could  approach  the  gas  phase  limits  more  closely  if  stronger 
initiation  were  applied.  However,  from  both  theoretical  and  experimental  considera- 
tions, it  is  apparent  that  the  lower  gas  phase  limit  will  not  be  greater  than  the 
lover  liquid  phase  limit.  It  enables  us  to  apply  well-known  gas  phase  flammability 
limits  to  the  definition  of  safe  soluble  hydrocarbon  levels  in  liquid  oxygen.  It  has 
practical  significance  Insofar  a6  oxygen,  as  produced  by  air  separation,  will  normally 
contain  far  greater  quantities  of  th  lighter,  more  soluble  hydrocarbons.  For  example, 
methane  may  commonly  be  found  in  the  5“  to  50-parts -per-million  range,  whereas  all 
heavier  hydrocarbons  combined  will  seldom  exceed  2- » posts ,per  million.  By  consulting 
tables,  such  as  the  first  column  shown  in  figure  2,  we  see  that,  as  long  as  hydro- 
carbons are  soluble,  their  lower  flammable  limits  are  in  "percent"  ranges,  and  that 
the  lower  limit  of  detonation  requires  an  even  higher  percentage  of  impurity.  Since 
we  have  ^ust  stated  that  liquid  oxygen,  as  produced,  seldom  contains  more  than  a few 
parts  per  million  of  hydrocarbons,  it  is  obvious  that  an  extremely  abnormal  condition 
is  required  to  yield  flammable  mixtures  in  solution. 

As  an  ir.  "iuction  to  the  case  of  insoluble  hydrocarbons,  refer  to  figure  3* 

When  impurities  exceed  their  solubility  and  come  out  of  solution,  forming  islands  of 
solid  within  or  on  the  surface  of  liquid  oxygen,  it  is  evident  that  localized  flam- 
mable mixtures  can  occur  even  though  the  average  concentration  throughout  the  system 
may  be  far  below  the  flammaole  range.  Knowledge  of  solubilities,  then,  is  an  impor- 
tant factor  in  establishing  liquid  oxygen  safety  principles.  Note  the  dependency  of 
solubility  on  temperature . Subcooling  liquid  oxygen  may  cause  a contaminant  to  come 
out  of  solution.  Note  the  position  of  the  saturated  hydrocarboro, methane,  ethane, 
propane , and  pentane.  Solubility  decreases  as  the  "C"  number  increases.  Comparing 
ethane  with  ethylene,  note  that  unsaturates  are  less  soluble  than  saturates  of  the 
same  "C"  numoer.  Acetylene,  also  a Cg*  in  much  lower.  Figure  4 shows  the  "C"  number 
or  carbon  atom  content  plotted  against  solubility  for  saturates.  The  unsaturates  and 
more  complex  hydrocarbons  would  fall  beneath  the  curves  shown.  From  a practical 
standpoint,  by  extending  the  trend  that  we  see  here,  it  is  apparent  that  oils  and 
greases  which  have  "C"  numbers  well  above  6 will  have  liquid  oxygen  solubilities  far 
below  1 part,  per  million.  Normal  liquid  sampling  and  analysis  techniques  (useful  in 
safeguarding  against  more  soluble  hydrocarbons)  are  not  capable  of  detecting  the 
approach. of  insolubles  to  hazardous  concentrations . 

Another  thought  to  keep  in  mind  is  that  most  impurities  in  liquid  oxygen  have 
boiling  points  much  higher  than  oxygen;  hence,  their  vapor  pressures  at  the  tempera- 
ture of  boiling  oxygen  are  extremely  low — in  most  cases,  negligible.  As  oxygen 
vaporizes,  the  impurities  concentrate. 

Our  third  group  of  fuels  was  included  to  point  out  that  some  materials,  not 
flammable  in  air,  can  be  burned  in  pure  oxygen,  and  more  energetically  as  the  oxygen 
density  increases.  Some  of  the  metals  bear  this  out  very  vividly.  In  an  oxygen 
safety  demonstration,  which  ve  give  on  occasion  at  Air  Products,  a series  of  tests 
are  shown. 
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First,  using  an  oxyocetylene  torch,  we  heat  carbon  steel  to  its  melting  point. 
Then  we  close  the  acetylene  valve,  directing  only  cxy^ca  etc  onto  the  red-hot  carbon 
ntr.cl.  As  ve  all  know,  the  carbon  steel  supports  its  own  combustion  in  pure  oxygen 
even  at  atmospheric  density.  Although  carbon  steel  is  used  extensively  In  oxygen 
distribution  systems,  pressure  and  flow  velocity  limitations  are  applied. 

The  second  step  of  the  demonstration  is  to  direct  the  oxyacetylene  flame  onto 
ntainless  steel.  When  molten  state  is  reached  and  the  acetylene  is  cut  off,  the 
oxygen  from  the  torch  actually  coolo  the  stainless  steel.  It  does  not  sustain  its 
own  combustion.  Aluminum  acts  the  same  way. 

Step  number  three  is  to  heat  carbon  steel  to  its  melting  point  and  to  allow  the 
polten  drops  to  fall  into  liquid  oxygen.  Naturally,  it  bums  violently. 

Then  this  experiment  is  repeated  with  stainless  steel.  It  also  bums  violently 
nnd  even  more  brightly  than  carbon  steel.  It  can  support  Its  own  combustion  in 
liquid  oxygen. 

Finally,  aluminum  is  used.  Molten  aluminum  dripping  into  liquid  oxygen  does  not 
burn,  yet  we  know  that  finely  divided  aluminum  will  burn  briskly,  even  explosively, 
la  liquid  oxygen. 

* 

Looking  back  at  the  behavior  of  stainless  steel,  one  might  ask,  "Where  is  the 
dividing  line?  Will  it  burn  in  high -pressure  oxygen?"  Co^nercial  experience,  at 
pressures  up  to  3 ,6f*0  pounds,  seems  to  indicate  that  some  additional  fuel,  more 
easily  Ignited,  must  be  present  to  sustain  a stainless  steel-oxygen  fixx..  However, 

I have  been  told,  of  one  case  vhere  a stainless  system  was  pressurized  very  rapidly 
with  oxygen  and  immediately  exploded,  with  every  indication  that  the  stainless  played 
cm  active  part  in  the  reaction.  The  only  other  conceivable  fuel  in  the  system  was  a 
email  nylon  diaphragm,  which  could  have  initiated  the  reaction,  but  certainly  was  not 
sufficient  fuel  to  cause  extensive  damage  to  the  system.  Let's  look  at  figure  5. 

If  oxygen  is  compressed  adlabatlc&lly,  and  in  a practical  oyctem  that  meant’  . .st 
enough  so  that  no  heat  is  transferred  to  the  walls,  the  curve  shows  us  tha.  ignition 
temperatures  for  most  substances,  Including  some  metals,  ca*.  be  attained  through  adia- 
batic compression  to  conznerclal  cylinder  pressures. 

Up  to  this  point,  ve  have  talked  about  some  aspects  of  the  combustion  hazard  with 
liquid  and  high-pressure  oxygen.  Let's  look  now  at  methods  of  prevention. 

First,  against  soluble  hydrocarbons.  Vigilant  monitoring  and  adsorptive  puri- 
fication are  practiced  extensively  by  commercial  producers.  Frequent  acetylene 
an&lyeis  is  a "must"  at  air  separation  plants.  Analysis  for  total  hydrocarbons  or 
for  certain  Individual  hydrocarbons  is  also  carried  out  at  most  of  the  larger  plants. 
Solubility  is  the  primary  key  for  the  establishment  of  safe  limits. 

s 

Silica  gel  is  the  most  commonly  employed  adsorbent  for  purification.  Adsorbers 
can  be  found  in  most  air  plants.  Figure  6 shows  the  adsorptive  capacity  of  silica 
gel  for  various  hydrocarbons  in  liquid  oxygen.  Remembering  the  solubility  data  of 
figures  3 and  4,  the  important  'hing  to  notice  is  the  increase  in  adsorptive  capacity 
of  the  silica  gel  as  the  liquid  oxygen  solubility  of  the  impurity  decreases. 

This  brings  us  to  preventive  measures  against  insoluble  hydrocarbons.  Obviously, 
adsorptive  purifiers  can  help  to  protect  against  transfer  of  these  contaminant*  from 
one  part  of  a system  to  another.  By  recirculation  through  purifiers  attached  to  stor- 
age vessels,  concentration  due  to  vaporization  can  be  eliminated  (for  both  soluble  and 
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insoluble  materials) . But  so  far  as  insolubles  such  as  oils  and  creases  are  con- 
f**  cemed,  adsorptive  purifiers  in  the  air  plant  have  already  lowered  their  levels 

■'  below  the  perceptible  threshold  of  most  analytical  devices.  The  most  serious  problem 
exists  not  in  the  liquid,  but  in  the  system  through  which  it  flows.  This  is  even 
more  true  in  high-pressure  gaseous  systems  supplied  by  liquid  vaporizers.  Insoluble 
impurities  do  not  vaporize  at  low  temperatures.  Their  entrance  into  the  system  coses 
daring  periods  of  construction , maintenance,  and  also  from  improper  attempts  at  clean- 
ing. The  major  defense  is  a rigid  cleaning  procedure,  followed  by  careful  inspection. 

For  the  third  group  of  fuels,  which  we  exemplified  by  carbon  steel,  stainless 
steel,  and  aluminum,  the  defense  lies  in  choice  of  material,  avoiding  those  which 
are  easily  ignited.  Materials  not  nonsally  flammable  in  air  will  generally  require 
strong  ignition  to  bum  in  oxygen,  so  With  this  class  of  fuel,  elimination  of  ignition 
agents  can  be  pursued  with  realistic  assurance  of  success — this  is  not  true  in  the  case 
of  soluble  or  insoluble  hydrocarbons . . 

By  no  means  have  all  the  safety  aspects  of  handling  liquid  and  high-preBsure 
oxygen  been  coveted,  but  let's  defer  others  to  tlJe^discucBion’ period  and' move  to 
otter  liquids. 

All  cryogenic  fluids  ore  handled  at  temperatures  below  -200°F,  cold  enough  to 
damage  human  tissues.  Closed  systems  are  to  be  used  as  much  as  possible.  The  use 
of  flexible  connectors  and  temporary  couplings  should  be  minimized . Obviously,  wher- 
ever there  is  a chance  of  a leak,  protective  clothing  must  be  used. 

Brittle  failure  of  materials  can  be  avoided  through  careful  design  end  properly 
supervised  part  replacement . Operating  procedures  must  be  checked  to  guarantee  that 
s equipment  designed  for  warm  service  will  not  be  chilled  unintentionally. 

Fractures  and  spillage,  caused  by  pressure  build-up  from  excessive  vaporization 
In  closed  systems,  can  be  avoided  if  liquid  is  stored  and  transferred  only  in  vessels 
and  lines  specifically  designed  for  low-temperature  service.  Proper  attention  must 
be  given  to  selection,  location,  and  maintenance  of  relief  devices.  Any  segment  of 
a system  capable  of  isolation  must  have  relief  protection.  Wherever  possible,  vacuum 
insulation  space  should  be  filled  with  powder  or  equivalent  insulating  material. 

Hitrogen  and  helium  do  not  support  life.  This  is  a ratter  obvious  statement,  but 
it  has  two  safety  implications . 

1.  People  entering  toxic  or  flammable  gas  or  liquid  storage  vessels,  which  had 
just  been  made  safe  by  inert  gas  purging,  have  had  the  embarrassing  exper- 
ience of  finding  themselves  without  breathing  apparatus . 

2.  Where  liquid  vessels  in  particular  are  located  in  small  rooms,  the  popping 
of  a relief  device  may  significantly  lower  the  oxygen  content  of  the  room. 

How  lot's  turn  to  liquid  hydrogen,  comparing  It  with  a conmon  fuel  such  as 
propane. 

a 

By  referring  to  figure  7,  we  can  make  a number  of  comparisons: 

Hydrogen  vaporizes  at  -423°F,  prepane  at  -44°F.  Since  the  surfaces  of  the 
^ earth  aixl  its  adornments  are  seldom  below  -4U°F,  the  exposure  of  liquid  hydrogen  to 
the  atmosphere  will  result  in  an  initial  temperature  difference  380  degrees  greater 
than  the  exposure  of  liquid  propane  to  the  same  environment.  Heat  will  flow  more 
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readily  across  the  higher  gradient  to' the  liquid  hydrogen.  Nov  let's  look  at  liquid 
densities.  If  the  same  volume  were  spilled  onto  the  same  surface  area,  almost  nine 
pounds  of  propane  would  cover  the  same  space  as  one  pound  of  hydrogen.  On  a pound - 
mole  basis,  the  latent  heat  of  propane  is  more  than  twenty  times  that  of  hydrogen. 
Many  store  DTU’s  are  required  to  vaporize  an  equal  volume.  All  of  these  point  to 
extremely  rapid  dissipation  of  liquid  hydrogen  compared  to  propane.  Alcohol  and 
gasoline,  very  volatile  in  the  normal  sense,  vaporize  even  slower. 

Now  let's  look  at  gas  density.  We  have  heard  about  cold  oxygen  clinging  to  the 
ground  and  filling  ditches  because  cold  oxygen  is  more  dense  than  air.  Even  at  70°F 
propane  is  considerably  heavier  than  air.  Hydrogen  gas  at  -U20°F  1b  about  as  dense 
as  ambient  air,  but  thins  rapidly  to  6 percent  of  that  value  when  warmed  to  ambient 
conditions.  Only  slightly  warmed,  it  will  rise  rapidly.  Comparison  of  diffusion, 
thinking  now  in  a three-dimensional  sense,  shows  that  hydrogen  disappears  into  the 
atmosphere  in  all  directions  far  more  quickly  than  oxygen,  whereas  liquid  fuels 
require  lengthy  exposure  before  they  will  disappear. 

When  exposed  to  ambient  conditions,  hydrogen  will  be  vaporized,  wormed,  and 
dissipated  far  more  rapidly  than  other  fuels.  We  might  say  that  its  exposure  index 
is  extremely  small. 

Considering  now  its  combustion  characteristics,  we  may  refer  to  figure  8,  which 
shows  0us  that  when  hydrogen  is  mixed  with  air,  it  is  flammable  over  a broader  range 
of  mixtures  than  most  other  materials . Moreover,  hydrogen  is  more  easily  ignited  than 
other  fuels,  it  has  higher  flame  velocities,  and  is  more  difficult  to  extinguish. 
Compered  to  household  fuels,  hydrogen  demonstrates  seme  additional  degree  of  hazard 
in  these  respects. 

However,  we  can  see  that  the  dissipation  and  combustion  properties  work  both 
ways.  Rapid  dissipation  suggests  the  problem  will  go  away  before  it  becomes  a. 
problem.  A broad  range  of  flanaable  concentrations , coupled  with  low  energy  for 
Ignition,  enhances  the  probability  of  combustion  during  the  exposure  period.  The 
resistivity  of  the  flame  to  cooling,  as  suggested  by  quenching  distance,  explains 
i&y  sustained  flames  are  difficult  to  extinguish.  On  the  other  hand,  rapid  dis- 
sipation precludes  sustained  flames  in  open  space.  Low  radiation  and  short  flame 
duration  limit  fire  effects  on  adjacent  equipment  not  directly  contacted  by  the 
flame.  You  may  draw  your  own  conclusions  regarding  the  degree  of  danger. 

Liquid  hydrogen  is  a stable  material  in  the  normal  sense  of  the  word,  and  to 
quote  one  of  the  military  safety  bulletins,  "Liquid  hydrogen  is  unaffected  by  extreme 
cold. " Although  hydrogen  embrittlement  of  metals  is  a frequent  cause  of  trouble  in 
higher  temperature  operations,  no  embrittlement  has  been  reported  in  liquid  systems . 

Three  major  circumstances  or  conditions  of  hazard  can  exist  in  conjunction  with 
liquid  hydrogen  systems.  The  first  of  these  is  the  presence  of  oxidants  in  the 
liquid  hydrogen. 

A second  potential  hazard,  perhaps  the  major  one,  is  that  of  spilling. 

A*  third  hazard,  and  perhaps  the  most  frequent  one,  is  that  of  vented  gas. 

Let *8  look  at  each  one  of  these,  considering  the  effect  and  then  the  methods  of 
prevention  or  control. 
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First,  oxidants  in  liquids.  What'  con  happen?  In  an  early  experiment  at 
^.Boulder,  Colorado,  oxygen  was  condensed  deliberately  into  a Dewar  of  liquid  hydrogen. 

) it  was  ignited  by  a spark.  Result — no  Dewar.  Several  steps  can  be  taken  to  prevent 
entrance  of  an  oxidant  into  liquid: 

1.  The  entire  system  should  be  completely  closed  and  maintained  above  atmospheric 
pressure  during  all  operations. 

2.  The  liquid  hydrogen  must  be  admitted  in  a completely  pure  state,  oxidants 
having  been  removed  by  adsorption,  filtration,  or  catalytic  oxidation. 

3*  Vessels  and  pipes  must  be  properly  purged. 

4.  Accumulation  of  trace  impurities  in  storage  tanks  should  be  avoided. 

Figure  9 depicts  a spill  test  simulating  a broken  line.  Other  spills,  up  to 
thousands  of  gallons  through  holes  24  inches  in  diameter,  have  resembled  ruptured 
tanks.  Results  have  shown  extremely  rapid  dissipation  with  no  high  probability  of 
spontaneous  ignition.  Flammable  mixtures  appear  to  be  confined  within  the  visible 
condensate  cloud,  and  when  ignited  by  sparks,  flames  are  of  short  duration  and 
radiate  less  energy  than  propane  or  gasoline  flames. 

We  have  discussed  the  possible  effect  of  spills.  Let's  look  at  methods  to  prevent 

them: 

1.  Materials  of  construction  must  be  suitable  for  low- temperature  service. 

2.  Relief  devices  must  be  installed  in  all  systems  capable  of  being  blocked. 

3*  Field  velds  should  be  stamped  and  coded.  Fabrication  must  be  followed  by 
stringent  pressure  and  leak  testing. 

4.  - Remote  shutoff  valves  6hould  be  installed  on  major  vessels  or  on  both  ends 
of  long  transfer  lines. 

3*  Powder  insulators  should  be  used  in  the  evacuated  space  around  vessels, 
since  they  afford  reasonable  insulation  in  case  vacuum  is  lost. 

Furthermore,  specific  design  precautions  can  minimize  the  effects  of  a spill 
if  it  does  occur: 

1.  Dispersion  must  be  enhanced.  Barricades  should  not  be  installed  around  tanks. 
Dikes  should  be  used  sparingly,  only  to  prevent  liquid  flow  in  an  undesirable 
direction.  Full  advantage  should  be  taken  of  prevailing  winds  in  planning 
plant  layout. 

2.  Sources  of  ignition  should  be  excluded  insofar  as  possible. 

3*  Suitable  quantity-distance  relationships  should  be  established. 

4.  An  adequate  supply  of  water  should  be  available  to  prevent  the  spread  of  a 
r fire  to  less  flammable  but  slower  burning  surroundings.  . . 

Now,  what  about  venting?  Cold  gas  may  settle:  warm  gas  will  rise.  Vent  stacks 
should  be  long  and  high,  sized  to  warn  the  largest  vent  stream  anticipated,  not  only 
during  normal  cooldown  or  transfer  venting,  but  to  meet  the  needs  of  emergency  venting 
should  vacuum  be  lost. 
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Two  precautions  must  be  taken.  A-  sealing  lid,  which  is  easily  lifted  but  which 
seals  tightly,  should  be  Installed  to  prevent  air  from  entering  the  stack  before  or 
after  use.  The  stack  should  be  kept  clean.  High-velocity  particles  could  cause 
ignition  at  the  mouth  of  the  stack. 

Thus,  for  each  circumstance  or  condition  of  hazard,  ve  can  subscribe  methods  for 
prevention  or  control. 

Let's  conclude  by  looking  at  some  general  rules  for  safe  handling  of  liquid 
hydrogen: 

1.  Provide  good  ventilation  to  operating  areas. 

2.  Purge  all  equipment  with  an  inert  gas  before  adding  and  after  removing  hydro- 
gen. 

3*  Monitor  the  system  for  oxidants  and  the  surroundings  for  hydrogen. 

4.  Make  all  transfers  In  closed,  carefully  prepared  systems. 

5*  Use  approved  or  isolated  electrical  equipment. 

6?  Provide  protection  against  lightning,  static  build-up,  and  sparks. 

7«  Allow  no  open  flame  or  smoking  in  the  area. 

8.  Above  all,  inform  all  personnel  of  potential  hazards,  and  thoroughly  acquaint 
them  with  the  design  features  and  operating  procedures  which  have  been  set 
forth  to  neutralize  the  hazard  potential. 
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Reference:  McKinley,  C.  and  Hi mr^7 berger , P.,  "Oxygen  Plant  Safety  Principles"  published  in 

"Chemical  Engineering  ! regress,"  March  1957. 
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Reference:  hcKinley,  U.  find  Won g,  5.  S.  J.  Hydrocarbon  - Oxygon  Systems 

Solubility  presented  oefore  the  National  bureau  of  Standords 
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Figure  4 Carbon  Atom  Content  versus  Solubility  for  Saturates 

Reference:  McKinley,  C.  and  Wong,  E.  S.  J.,  "Hydrocarbon  - Oxygen 

Systems  Solubility"  presented  before  the  National  Bureau 
of  Standards  Cryogenic  line  Jeering  Conference,  Cambridge, 
Massachusetts,  September  3,  1955. 
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Fif?ure  5 

Reference:  McKinley,  C.,  "Technical  Character  of  Cryogenic  Hazards"  presented 

at  Air  Products,  Incorporated  Safety  Conference,  July  1959. 


ADSORPTION  OF  ETHYL ' NE,  ETHANE  AND  METHANE 


Reference:  McKinley,  C.  and  Hsu,  A C.  T.,  "Adsorptive  Purification  of  Liquid  teypen"  presented 

at  the  Low  Temperature  Froee:sins  Symposium  American  Institute  of  Chemical  Engineers 
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Spill  Test  of  Liquid  Hydrogen  simulating  a Broken  Line 
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PUT  IT  II  tfRITIHG 


DATE  May  23.  1968 

TO  B.  J.  Donley  SUBJECT  BOX  Spill.  HOP  - Conahohocken 

PROM  W.  L.  Ball 


ee:  J.  H.  Arnold  C.  B, 

D.  F.  Baker  A.  V. 

C.  S.  Block  P.  F. 

W.  L.  Ebt  W.  T. 

W.  H.  Halsted  V.  M. 

A.  L.  Hatley  W.  J, 

M.  H.  Hubbs  J.  K. 

L.  R.  Mann  H.  E. 

H.  H.  Master 


McSwain 

APL 

Mellen 

I. 

Everson 

Hetman 

Ca 

Fedorko 

Rector 

J. 

Hamilton 

Say 

A.  h. 

Kerridge 

Scharte 

J. 

Hamilton 

Stewart 

Wynn 

This  memo  Is  to  summarize  the  information  obtained  from  several  telephone  conversa- 
tions with  William  Arner  of  HC6  relative  to  the  LOX  spill  at  their  Conshohocken 
facility.  The  incident  occurred  about  Ok 30,  13  May  1968,  and  resulted  in  spilling 
the  liquid  equivalent  of  28  million  standard  cubic  feet  of  gas  (ll60  tons  of  liquid). 


The  double  wall,  spherical  storage  tank  was  built  by  Graver  and  put  into  service 
in  January  1968. 

Inner  Tank  - aluminum 

Outer  Shell  - carbon  steel 

Insulation  - perlite  in  annular  space 

Discharge  Piping  - k"  aluminum  in  AmmUr  space  with  transition  to 

copper  for  line  to  pvmp  suction 

The  tank  design  specified  the  discharge  pipe  in  the  annular  space  to  be  a continuous 
bent  piece  without  welds.  It  is  reported,  however,  that  apparently  due  to  dimensional 
error  the  piece  was  too  short  and  a section  about  18  inches  long  was  welded  on  the 
end.  When  the  line  was  installed,  this  weld  was  in  the  end  of  the  "pant  leg"  or 
sleeve  thru  which  the  line  penetrates  the  outer  shell,  and  about  18  inches  from  the 
transition  joint  to  the  copper  transmission  line.  It  wes  also  reported  that  the 
weld  had  been  ground  flat  to  blend  in  with  the  outer  wall  of  the  pipe,  which  may 
have  created  some  thin  spots.  As  this  weld  was  on  the  warn  side  of  the  gas  trap  in 
the  line,  it  had  been  thermal-cycled  repeatedly  in  the  normal  operation  of  the  tank. 

When  this  weld  failed,  some  liquid  exited  from  the  tank  thru  cracks  in  the  outer 
shell  and  "pant  leg",  but  most  of  the  liquid  collected  in  the  bottom  of  the  annular 
space  until  a section  of  the  outer  shell  cracked  and  fell  out.  This  dumped  the 
perlite  and  the  liquid  on  the  ground  under  the  tank.  A k inch  stream  of  LOX  was 


E.  J.  Donley 


2- 


May  23,  1968 


described  as  Jetting  about  10  feet  beyond  the  circumference  of  the  tank  onto  a 
concrete  driveway*  The  break  was  on  the  side  of  the  tank  away  from  the  process 
equipment  and  building,  and  the  elevation  under  the  tank  was  described  as  being 
slightly  higher  than  the  surrounding  area.  The  liquid  flowed  away  from  the  tank 
into  the  tanker  loading  area,  into  the  truck  seals  pit  (collapsing  the  platform), 
into  an  unpaved  parking  area  where  three  tankers  were  narked,  and  over  a bank  away 
from  the  plant. 

Fire  hoses  and  water  spray  were  used  to  control,  as  far  as  possible,  flow  of  liquid 
on  the  ground  and  to  evaporate  the  liquid  as  fast  as  possible*  This  activity  was 
hampered  to  a narked  degree  by  k to  6 foot  drifts  of  perlite  which  covered  the 
liquid  pools  and  restricted  evaporation.  There  apparently  were  some  small  pools 
of  LOX  under  the  perlite  as  late  as  Wednesday*  The  three  tankers  were  surrounded 
by  liquid  but  there  was  no  damage  other  than  cracking  of  the  tires*  These  units 
were  not  moved  for  three  days  as  there  was  concern  that  the  LOX  might  have  seeped 
into  the  ground.  This  area  was  unpaved  fill  but  was  relatively  dense,  containing 
a fair  percent  of  clay.  Moving  the  trailers  was  delayed  until  all  evidence  of 
liquid  and  vapor  was  gone. 

The  vapor  cloud  was  quite  extensive  but,  as  the  facility  is  relatively  isolated, 
did  not  cause  extensive  coanunity  disruption.  One  local  street  was  blocked  off 
temporarily.  Analysis  was  made  for  high  oxygen  content,  with  2k%  oxygen  being 
reported  on  the  edge  of  the  cloud.  The  operating  plant  was  shut  down  part  of  the 
first  day.  The  weather  was  bad  for  this  type  of  incident  as  at  the  time  of  failure 
it  was  "dead  still  with  a slight  ground  fog".  Dispersion  of  the  vapor  was  relatively 
slow  and  the  weather  would  tend  to  create  high  concentrations  in  the  area  of  the 
spill. 

HCG  feels  this  was  a "freak  accident"  relating  directly  to  a deviation  from  design 
specifications  and  the  hidden  veld.  They  reportedly  are  now  contemplating  x-ray 
of  ail  welds  connecting  to  the  liquid  phase  of  a tank,  and  also  etching  along  the 
axis  of  the  pipe  to  detect  hidden  velds. 

HCG  has  experienced  at  least  two  failures  of  aluminum  welds  in  their  boxes  on  liquid 
lines.  In  one  incident  at  their  Sharon  plant  the  failure  was  in  the  "oxygen  stake 
line"  and  resulted  in  dumping  the  condenser  liquid  into  the  cold  box.  This  re- 
sulted in  over  pressuring  and  bulging  the  jacket,  but  no  liquid  spilled  from  the  box. 


Original  Signed  Bar 
V.  L.  Ball 


WLB:dt 

Re-typed  May  31,  1972 
kfq 


July  22 , 1971 


A 


Ojte  _ 


INTER-OFFICE  Subiect  _Mar.uaa.inn  alih  Me.  K.  Lucas.  IEB 

MEMORANDUM  Inspection,  Regarding  APCI  Cleanliness 

Beauirements - - 


To 


File 


(Location.  Organ. zjtion.  01  Department) 


From  A.  Lanin 


(Location.  Organization,  or  Department) 


cc:  W.  L.  Ball 

F.  K.  Kitson 
E.  Lucas 
V.  M.  McCormick 
C.  McKinley 
£.  J.  Tyminski 

I met  with  Mr.  Lucas  on  July  21st  to  review  the  exact  inspection  steps  taken 
in  conjunction  with  QCL  106F  APCI  Class  AA  Cleanliness  Requirements ,QCL  107F 
APCI  Class  AAA  Cleanliness  Requirements . Mr.  Lucas  emphatically  stated  that  the 
APCI  inspectors  are  quite  thorough  in  their  examination  of  material  to  determine 
whether  they  meet  QCL  106F  or  QCL  107”.  The  following  specific  points  were 
made: 


1-  If  the  surface  is  accessible,  then  the  inspectors  usually  perform  the 
visual  examination  under  strong  white  light,  ultra-violet  light, 
and  wipe  test.  The  wipe  test  is  usually  performed  with  a Whatman 
filter  paper  or  with  white  nylon  lint-free  cloth.  This  is  probably 
the  most  important  test  to  determine  cleanliness  of  the  surface.  Mr.  Lucas 
felt  that  these  three  inspection  steps  will  provide  proper  inspection 
to  determine  compliance  with  Class  AA  Cleanliness  Requirements. 


2.  Flushing  tests  for  accessible  surface  is  very  seldom  performed. 

3.  Flushing  is  usually  performed  for  inaccessible  surfaces  using  methylene  chloride 
as  a solvent.  About  4 ounces  of  the  spent  solvent  will  be  examined  for 
appearance  and  then  filtered  through  a millipore  filter.  Examination  will 
then  be  made  of  the  particle  population,  and  a count  will  be  made  to  determine 
that  there  are  no  particles  larger  than  1,000  microns  and  no  more  than  10 
particles  between  300  and  1,900  microns-  There  are  no  restrictions  on  the 
number  of  particles  smaller  than  300  microns. 


4.  For  Class  AAA  Cleanliness  Requirements,  the  flushing  with  methylene  chloride 
will  be  performed  and  the  solvent  then  filtered  through  a millipore  filter. 

In  this  case,  slight  discoloration  of  the  filter  will  be  cause  for  rejection. 
Mr.  Lucas  believed  that  this  requirement  was  a major  difference  between 
Class  AA  and  Class  AAA  Cleanliness  Requirements. 


Mr.  Lucas  did  not  think  that  piping  could  be  cleaned  to  Class  AAA  requirements 
because  it  would  not  pass  the  mill! pore  discoloration  criterion. 
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5.  In  general,  the  inspectors  will  discuss  the  reason  for  rejection  with  the 
Shop  forman.  Howe*  ®r,  the  only  records  kept  are  those  of  final 
acceptance.  Records  of  rejection  are  not  kept. 

6.  Packaging  and  seeding  of  the  cleaned  parts  are  usually  done  immediately 
following  the  inspection.  It  is  the  inspectors  responsibility  to  ensure 
that  this  is  done. 

7.  Mr.  Lucas  felt  that  the  QCL's  should  allow  the  inspector  to  use  his  judgment 
regarding  the  need  of  flushing  of  an  accessible  surface.  He  believed  that 
the  inspection  using  the  wipe  test  could  establish  cleanliness  of  the 
surface  without  needing  the  flushing  test.  He  also  pointed  out  that 

under  certain  conditions,  it  would  not  be  practical  to  carry  out  the 
required  flushing  test  such  as  with  each  tray  in  a distillation  column. 
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Date  _ July  22.  1971 


A 


&4fo'fyoetucti  and  L»..mica£t 


INTER-OFFICE 

MEMORANDUM 


Sub)ec,  Telephone  Conversation  with 

Mr.  William  McCormick  Re  Requirements 
for  Vendor  CIaab  AA  and  ClaSS-MA  — 
Cleaning 


To 


Pile 


(Location,  Oigamzation,  ot  Department) 


A.  Lapin 


(Location,  Orgamiation.  or  Department) 


cc:  W.  L.  Ball 

F.  K.  Kitson 
E.  Lucas 
W.  M.  McCormick 
C.  McKinley 
E.  J.  Tyminski 


Following  my  discussion  with  Mr.  E.  Lucas,  I 'led  *r.  McCormick,  Quality 
Control  Department,  to  check  on  our  inspection  procedures  covering  purchased 
material.  Mr.  McCormick  stated  that  a number  of  ve-idors  can  meet  our  QCL  117F 
requirement  for  Class  AAA  cleaning,  while  others  cannot  meet  even  QCL  115F 
for  Class  A cleaning.  He  pointed  out,  however,  that  those  vendors  who  cannot 
meet  our  cleaning  requirements  in  their  shop  are  required  to  have  the  cleaning 
done  elsewhere,  and  that  our  inspection  is  then  carried  out  in  the  plant  where 
cleaning  is  done.  In  general,  all  the  requirements  of  our  Quality  Control 
Layouts  are  met,  including  millipore  testing  for  Class  AAA  cleaning. 
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QUALITY  COKTROL  PROGRAM 


IMP  EX  TO  COHTEMTS 

Par.  1.... Purpose 
Par.  2.... Scope 
Par.  3 ••••General 
Par.  A ....Instrumentation 

Par.  5 Daily  Operational  Requirements 

Par.  6.... Cylinder  Sampling 
Par.  7«... Cryogenic  Sampling 
Par.  8. ...Associated  Forms  and  Tags 
Par.  9.... Exhibits 


1.  PURPOSE 

The  purpose  of  the  Quality  Control  Program  is  to  improve  and  upgrade 
the  quality  of  industrial  and  medical  gases  produced  and  marketed  by 
the  Industrial  Gas  Division.  In  addition,  the  program  may  serve  as 
a check  on  districts  for  adherence  to  good  operational  practices  and 
will  provide  data  for  determining  the  accuracy  of  the  district's 
quality  assurance  instrumentation. 

2.  SCOPE 

This  specification  shall  be  jurisdictive  as  applicable  to  all  districts 
unless  specifically  excluded  by  the  Chief  Migineer,  I.G.D.  or  the 
IGD  Technical  Director's  Department. 

3 . 

This  specification  provides  the  procedure  and  associated  requirements 
necessary  to  assure  compliance  to  established  product  quality  speci- 
fication by  means  of  instrumentation  control,  sampling,  and  analysis 
of  facility  product. 

3.1  Several  men  in  each  district  shall  be  made  available  for  work 
on  the  Quality  Control  Program.  It  would  be  desirable  to  have 
a minimum  of  two  (2)  operators  and  the  Plant  Superintendent 
familiar  with  the  operation  and  maintenance  of  the  facility's 
quality  control  instrumentation,  and  the  sampling  procedures. 

This  should  provide  sufficient  personnel  to  compensate  for 
vacations,  transfers,  otc. 

3.2  Ko  work  orders  are  required  from  the  facility  to  cover  the  cost 
of  sampling,  analysis,  maintenance  of  instrumentation,  and 
sample  shipment.  All  costs  of  the  program  are  to  be  charged 

to  a project  order  issued  -within  the  Industrial  Gas  Division. 
Designation  of  charges  is  to  be  made  only  by  the  Facilities 
Operations  Manager  and  not  by  district  personnel . 
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3.3  Samples  not  normally  covered  under  the  Quality  Control  Program 
should  show  who  requested  such  samples  be  taken.  This  should 
be  recorded  in  the  space  provided  under  the  remarks  section  of 
I & M Tag  No.  BST-1  (Ekhibit  D).  This  information  is  required 
for  determining  if  the  sample  and  analysis  costs  are  already 
covered  under  the  program. 

4.  INSTRUMENTATION 


One  (1)  man  at  each  facility  should  be  assigned  to  perform  daily 
instrument  maintenance.  When  an  operator  suspects  an  instrument 
malfunction,  he  shall  advise  the  Plant  Superintendent  or  the 
Instrument  Maintenance  Operator.  Problems  regarding  instrumentation 
maintenance,  repair  or  recalibration  which  cannot  be  resolved  locally 
will  be  referred  to  the  Facilities  Operations  Manager,  or  the  I.G.D. 
Senior  Laboratory  Technician  charged  with  implementing  the  Quality 
Control  Program. 

4.1  Instrument  maintenance  check  lists  are  available  in  all  districts. 
They  shall  be  utilized  by  the  Instrument  Maintenance  Operator, 
and  be  kept  on  file  for  instrument  evaluation. 

4.2  The  name  of  each  Instrument  Maintenance  Operator  :n  every  plant 
shall  be  kept  on  file  with  the  Facilities  Operations  Manager  and 
the  Senior  Laboratory  Technician. 


5.  DAILY  OPERATIONAL  RaQUIRZ3£KTS 


Facility  product  in  containers  for  delivery  to  customer (s)  must  be 
sampled  and  analyzed  in  order  to  assure  compliance  to  established 
I St  M purity  specification  (Section  10  of  the  District  Operations 
Manual).  Sampling  and  analysis  will  be  performed  as  follows: 

a.  IV be  Trailers:  Eeich  tube  trailer  filled  will  be  sampled  and 
analyzed . 

b.  Tank  Trailers:  A representative  sample  of  the  contents  of  each 

trailer  filled  will  be  analyzed. 

c.  Cylinders:  Once  daily,  one  (1)  cylinder  chosen  at  random  from 

filled  cylinders  of  each  charging  manifold  used,  shall  be  sampled 
ar.d  analyzed. 

5.1  The  purity  checks  required  by  the  above  will  be  conducted  on  the 
facility's  analyzers,  and  the  results  of  the  analysis  will  be 
recorded  on  I t Y Form  3096,  lev.  3 (exhibit  A). 
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5.2  The  I G D Reporting  Fom  3096,  Rev.  3 (Exhibit  A)  will  be  filled 
out  in  duplicate.  One  (1)  copy  will  be  retained  at  the  district 
office,  the  other  copy  will  be  forwarded  to  the  Facilities  Oper- 
ations Manager,  Industrial  Gas  Division  at  Allentown,  Pennsylvania. 
Accumulated  fern©  will  be  transmitted  during  the  first  week  of  each 
mor  h. 

5*3  NOTE:  The  sampling  requirements  listed  herein  shall  not  eliminate 

nor  take  the  place  of  the  product  sampling  required  by  the  filling 
procedures  (Sections  3. 2. 1.1,  3. 2. 1.2,  3. 2. 1.3,  3. 2. 1.4,  and  3. 2. 1.5 
of  the  District  Operations  Manual). 

6.  CYLINDER  SAMPLING 

Once  every  two  (2)  months,  each  district  will  be  required  to  submit  one 
(1)  full  cylinder  of  each  product  filled  at  the  district,  to  the  '"I.G.D." 
Quality  Control  Laboratory  for  complete  analysis. 

NOTE:  SXC3>TI0NS 

(a)  "All  Products".... 

The  sample  frequency  rate  shall  be  increased  to  a monthly- 
basis  in  cases  where  product  specifications  or  customer 
requirements  necessitate  contaminant  analyses  which  exceed 
the  capability  of  the  district's  analysis  equipment. 

Certain  customer  specifications  will  automatically  require 
an  increase  in  the  simple  frequency  rate  as  necessary  for 
compliance  to  customer  requirements. 

(b)  "Oxygen".... 

The  sample  frequency  rate  may  be  reduced  to  one  (1)  full 
cylinder  per  district  or.ce  every  three  (3)  month**,  unless 
the  district  is  filling  cylinders  or  tube-trailer?  for  use 
as  breathing-oxygen,  in  accordance  with  military  speci- 
fications, or  unless  more  frequent  sampling  is  required  by 
the  conditions  described  by  (a)  above. 

6.1  Cyiinder(s)  for  analyris  should  be  selected  at  random  from  the  full 
cy?.  inter  product  storage  area.  Such  cylinder(c)  shall  be  analyzed 
by  use  of  the  facility's  instrumentation  prior  to  shipment  of 
cy" inters  t~  the  IG  D laboratory.  The  results  of  the  facility 
analysis  shall  bs  recorded  on  If!'  Form  3996,  lev.  3 ( Exhibit  a). 
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6.2  Cylinder(s)  for  I.G.D.  Laboratory  analysis  shall  be  shipped 
"collect"  motor  freight  to: 

AIR  PRODUCTS  AKD  CHEMICALS , I1TC. 

Plant  Eo.  1 Attn:  I.G.D.  Quality  Control 

733  West  Broad  Street 
Rranaus,  Pennsylvania 

6.2.1  A bill  of  lading  must  be  prepared  by  the  facility  for  each 

shipment . See  sample  bill  of  lading  (inhibit  C2)  for  details, 
if  required.  In  addition,  an  I G D Tag,  Form  412  (Green  or 
ted  Tag,  as  applicable),  must  be  filled  out  and  attached  to 
each  cylinder  in  a secure  manner.  The  412  tag  shall  list  the 
name  of  the  gas  contained  in  the  cylinder. 

a.  Under  no  circumstance  shall  cylinder(s)  be  shipped  by 
Air  Products  and  Chemicals,  Inc.  trucks. 

b.  Cylinders  will  be  returned  to  districts  after  product 
analysis  via  "pre-paid  motor  freight. 

6.3  It  will  also  be  necessary  to  identify  the  cylinders  when  processed 
by  the  I.G.D.  Quality  Control  Laboratory.  Tag  Form  B5T-1  ( 'exhibit  D) 
is  provided  for  this  purpose.  It  will  be  filled  out  completely  at 
the  facility  and  attached  to  the  cylinder  at  the  base  of  the  cylinder 
valve. 

7.  CRYOGENIC  SAMPLING 

Once  every  four  (4)  months,  a cryogenic  sample  will  be  collected  from 
each  storage  tank  for  each  cryogenic  product  handled  at.  the  district. 
Districts  will  automatically  procure  ar.d  forward  such  sa-T>ple(s)  to 
'I.G.D."  Quality  Control  Laboratory  for  complete  analysis.  The 
districts  are  provided  with  APCI  Batch  f’-artplers  for  this  purpose. 

NOTE:  nXCEPTIOIIG 

(a)  "All  Cryogenic  Products". .. . 

The  sample  frequency  rate  shall  be  increased  to  one  sample  per 
two  month  period  for  districts  where  product  specifications  or 
customer  requirements  necessitate  contaminant  analyses  which 
exceed  the  capability  of  the  districts  analysts  equipment. 

Certain  customer  specifications  may  automatically  require  ar. 
increase  in  the  sample  frequency  r .te  as  necessary*  for  com- 
pliance to  customer  requirements. 
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(b)  "Liquid  Plants”. . . 

Plants  designed  primarily  for  liquid  production  -ad  not 
having  compression  facilities  (Example:  Ashland,  Delaware 

City,  etc.)  shall  submit  product  samples  for  analysis  on  a 
monthly  basis. 

(c)  "Oxygen"  (LOX) 

The  sample  frequency  rate  may  be  reduced  to  one  cryogenic 
sample  per  tank  once  every  six  (6)  months  unless  the  district 
is  supplying  product  for  breathing  purposes,  in  accordance 
with  military  specifications,  or  unless  more  frequent  sampling 
is  required  by  the  conditions  described  in  (a)  and  (b)  above. 

7*1  Filled  batch  samplers  shall  be  shipped  "prepaid”  motor  freight  to: 

Air  Products  and  Chemicals,  Inc. 

733  West  Broad  Street 
Emmaus , Penn a. 

Attention:  IGD  Quality  Control 

Emergency  shipments  of  samples  via  air- freight  are  permitted  by 
cargo-carrying  aircraft  only. 

a.  The  Airbill/Airvaybill  must  contain  the  same  description 
as  shown  on  the  sample  Bill  of  Lading  (Exhibit  Cl)  and 
further  by  inserting  the  word  "gaseous"  after  the  product 
name. 
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b.  Staplers  offered  for  shipment  by  air  must  be  accompanied  by 
two  (2)  copies  of  the  Shipper’s  Certification  (Exhibit  E). 

c.  The  Airbill/Airwaybill  must  contain  the  statement  "cargo- 
carrying aircraft  only." 

7.2  A Bill  of  Lading  must  be  prepared  by  the  facility  for  each 

shipment . 

See  sample  Bill  of  Lading  (Exhibit  Cl)  for  the  only  proper  descrip- 
tion to  use. 

a.  The  form  Ul2  tag  shall  list  the  name  of  the  gas  contained  by 
the  sampler.  Space  is  provided  on  the  tag. 

b.  DOT  (Dept,  of  Transportation ) Special  Permit  #3302  shall  be 
used  for  batch  samplers  only. 

c.  Under  no  circumstances  shall  samples  be  shipped  via  Air 
Products  and  Chemicals , Inc . , trucks . 

d.  The  batch  samplers  will  be  returned  to  districts  via  "collect" 
motor  freight . 
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7.3  It  will  also  be  necessary  to  identify  the  samples  when  processed 
by  the  I.G.D.  Laboratory . Tag  Form  BST-1  (Exhibit  D)  is  provided 
for  this  purpose.  The  tag  shall  be  filled  out  in  detail  at  the 
facility  and  securely  attached  inside  the  batch  sampler  case. 

8.  FORMS  AMD  TAGS 

8.1  The  forms  and  tags  required  for  use  by  this  specification  are 
listed  below.  They  can  be  obtained  from  the  sources  listed. 

a.  Fora  3096,  Rev.  3 and  fora  #3330 ‘Order  directly  from  AFCI 
Stationery  Stores,  Allentown,  Pennsylvania. 

b.  Straight  Bill  of  Lading  (Exhibit  C-l  and  C-2):  APCI  Fora 
No.  3102,  order  from  APCI  Stationery  Stores,  Allentown, 
Pennsylvania. 

c.  BST-1  Tag:  (APCI  Material  Code  No.  4-847-51-0018). 

Order  directly  from  APCI  Spare  Parts  Department, 

Allentown,  Pennsylvania. 

d.  Fora  412-G  and  412-R  Tags:  (APCI  Material  Code 

No.  4-847-51-0012  - Green  Tag;  4-847-51-0013  - 
Red  Tag) . Order  directly  from  APCI  Spare  Parts 
Department,  Allentown,  Pennsylvania. 


9.  EXHIBITS 

The  following  pages  depict  the  forms  and  tags  required  in  implementing 
the  Quality  Control  Program.  (Sane  of  the  forms  are  filled-out  to 
provide  an  example  for  the  user.) 
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PRODUCT  ANALYSIS:  FORM  3096 


-£x  vkTUm  (OUgfoA 

INDUSTRIAL  DAS  DMMN 


Facility 
Product ^ 
Nooth 


PRODUCT  AMALTSIflt  This  fora  viU  be  uaed  by  districts  In  reportlnf  tbs  results  of 
daiiyenalysls  as  required  by  X0D  Pilling  Procedures  (Section  9) . Quality 
Control  Frag r—  (Section  6.3).  end  heading  Procedure  (Section  9.1)  of  the 
Voluse  1 100  District  Operation*  Henuel. 


DATE 

CIVJHI,  01 

nun 

0XY0DI 

ffH 

dfhSSSuni  ADnum 





(Pit.  Bi^t.  J 

M Districts  shell  consult  Section  6.3  2.  VoImm  1 "DOM"  for  enalysls  requlremnte, 
end  use  s eeperete  fora  3096  for  esoh  product  filled.  The  product  nans  (gas) 
shell  be  fllled-ln  in  tbs  specs  provided  et  the  upper  ritft  corner  of  the  fora. 
Msdlcel  gases  end  Industrie!  gases  shell  bs  listed  on  s asperate  fora. 

(b)  Districts  shell  elso  use  this  fora  to  record  sblpasnte  of  Quality  Control 
ProRrcB  ssnplss  to  the  "IOD"  Quality  Control  Laboratory  ss  required  In 
Section  6.3.  Voltas  l "DON." 
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(e)  On.  copy  of  th.  ooaplotod  fom.  Anil  b.  retained  «t  tb.  dl.trlot,  Ad  on. 

non r Anil  b.  fonrarted  to  th*  flnwelnlty  On*  tsAnlenl  HuMgA,  f-  0.  Bon  538, 
Allentown , Fmnnylwanln.  tb.  aoopl.t.4  form  Anil  be  tnnmlttod  on  . nooth ly 
_ bnnln  no  Inter  then  during  th.  fir.t  wMk  of  tb.  following  north. 

**•3096  ter. « 

5/5/10 


Form  3096  as  depicted  here  is  not  actual  size. 
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EXHIBIT  "B" 


KEEP  COOL 

CAUTION 


Nonflammable — Compressed  Gas 


DO  NOT  DROP 

Tills  Is  to  certify  that  tha  contents  of  this  package  art 
property  doscribod  by  nama  and  ere  packed  and 
marked  and  ara  in  proper  condition  for  transportation 
according  to  the  Regulations  prescribed  by  the 
Interstate  Commerce  Commission,  the 
Commandent  of  the  Coast  Guard,  the 
Administrator  of  tha  Federal 
Aviation  Agency  and  the 
Post  Office  Department 


GREEN  TAG 
(FORM  412-0) 


KEEP  COOL 

CAUTION 


FLAMMABLE-COMPRESSED  6AS 

(hi  mw  few  UK,  hat  art  Nm-FUoi  U«m 

DO  NOT  PROP 

This  b to  certify  that  the  contents  of  this  package  ere 
properly  described  by  name  end  are  pecked  and 
narked  and  era  in  proper  condition  lor  transporter' on 
according  to  tha  Regulations  prescribed  by  Itie 
Interstate  Commerce  Commission,  the 
Commandant  of  tha  Coast  Guard,  tha 
Administrator  of  tha  Federal 
Aviation  Agoncy  and  the 
Rost  Office  Department. 
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RED  TAG 
(FORM  412-R) 
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EXHIBIT  Cl 

STRAIGHT  BILL  OF  LADING— “SHORT”  FORM 

FOR  USB  EITHER  RY  RAIL  OR  MOTOR  CARRIER 

ORIGINAL 
NOT  NEGOTIABLE 

cmI(m4  to. . . AU.  JPro«M<rtP.  ,w4.  

Destination auu.PfiansylvmnlA...  Can*?. . tahigh 

Mi»«y  Addranf.  .733  .Vest.  .Broad.  St.., . Attentions. . . IGD  .Quality.  Control*  • 


MMcCwte. 


Oxygen,  non-r lmmetle  coo^ipsepd  gas,  in 

# steel  cylinder  (Batch  pastier) 

NltyogeA^  A<^-A«WV»Ae  coptpre8A«A  &&.k  , 

# in.  steel  cylinder  (Batch  8fflnpler) 

Argon,  npn-flapwahle  cojnj>res8ed#  gpts  f>  M 

. steeA  cy^fK^K*.  .(Mt.cft  A^A>. 

. DOT  Specie  Permit  £3.302 


Car  or  Vehicle  IMtiab. 


W«Mb(  Qrt|>ct 
•a  Qonar'lo a) 


wwm  o'  tad  an  c 

IhIiIcI»>«v 


Racaved  $ 

to  Mir  I*  iitnwwt  «f  tfca 
cknw  oa  toe  property  d-criSad 


Ac*at  or  CaaSlef . 

^ flu  *^parotnoytoae»atoiw  potto  b»  a carrln  by  tniar.itoMwieqalitotSallhitWefladias  Mall  wale  uSatlnr  H la  wrier**  p^ 

Note.— Where  the  rate  it  dependent  on  value,  ehippers  are  required  to  elate  epecifically  in  writing  the  agreed  (The  etna****  aw  acfcaowMee* 
or  declared  value  of  the  property.  only  the  aeioent  prepaid.) 

The  agreed  or  deetnrrd  value  of  the  property  la  hereby  epeciflcaDr  elated  by  the  ahipper  to  be  not  _■  _? 

Cbvtr*  advanced: 

•seecdlng per 

THIS  » to  CERTIFY  THAT  THE  ABOVE  NAMED  ARTICLE*  ARB  PROPERLY  CLASSIFIED.  DESCRIBED. 

PACKAGED.  MARKED.  AND  LABELED.  AND  ARB  IN  PROPER  CONDITION  FOR  TRANSPORTATION,  AC*  | 

CORDING  TO  THE  APPLICABLE  REGULATIONS  OF  THE  DEPARTMENT  OP  TRANSPORTATION.  


UR  PRODUCTS  MIR  CKMICAU.  IRC.  Shipper. 
Per  .(Shipper  ’ s.  .Signature ) 


Per  mane  it  poat  office  addreaa  of  ehipper  P. 

7 ora  not  *«l 


PA.  - Attn.  Distribution  Dept. 

Form  3102  is  (topic tsd  bsrs  is  lot  sctusl  sits 


fibre  boxes  used  for  this  shipment  conform  to  the  »pacidcattoos  Ml  forth  In  the  box  maker’s  cor*,  .ate  thareon,  tad  oil  other  requirement*  of  Rote  ,1  of  the  consolidated  (night  cJomiftcatlon. 


I*  «B  t 


THIS  MEMORANDUM' 


ulilgnunt  thil  a BIO  of  LedUn| 


theOrlgUBOlofLedlng, 
‘if  the  property 
solely  for  uUof 


RECEIVED*  subject  to  the  rlgtatficationa  and  tariffs  in  effect  on  the  data  of  the  issue  of  this  Bill  of  ^"f, 

from  AIR  PRODUCTS  AND  CHEMICALS,  INC. 

the  property  dssrribsd  below,  hi  sppattut  nod  order,  euccpt  m or  rod  (contents  and  c 
below,  which  mid  carrier  (the  word  carrier  being  under  stood  throughout  this  contract  us 
to  cany  to  to  omul  place  of  delivery  st  mid  destination.  if  on  its  rente,  otherwise  to  d 
carrier  of  all  or  say  of  mid  property  overall  or  any  portion  of  atid  route  to  destination,  and  as  to  each 
to  be  performed  hereunder  shall  be  subject  to  att  the  terms  and  conditions  of  the  Uniform  Domestic  Stnmt  wn  or  use 
Freight  Claasaficatioas  In  effect  on  the  date  hereof,  if  this  is  a rail  or  u rail  water  shipment,  or  (21  la  the  applicable 

he  la  fumWar  wtr'i  nil  the  terww  and  cwmdMowa  of  the  anld  bffi  rf 


of  contents  of  pm  has 

mm  or  corporation  m 
carrier  on  the  route 


jOnd  destined  as  indicate 
the  contract)  agrm 
)r  agreed,  as  to  ear 

:y.  that  every  renrk 

„ Southern.  Western  ami  IIW 
or  tariff  if  Una  is  a mm 


ion  «tw bneft  tharoaf , not fasth  ftw  th 
1 toby  the  shipper  and  accepted  ft 


At  Name  of  facility  e.  g.  Cre ighton ? Pa March  28 19.  shipped  No.. 

By  . . .?£  Carrier (Nu.  * c«i«)  A^f,  No.. . 


— i<r  to  Air  Prcducte  and  Ctendcals?  toe 


(~ftr*pBPMii  ysAsrig 

Dcatintioa SMk*"!^*!!^...  

Ddivuy  AAbMt. . . . 733  .west  Broad  St . , Attn;  IGD  Quality  Control 


Route. 


DelMof  Cairier Car  or  Vehicle  Initials. 


No*. 


No. 


Oxygen,  nonflanmable  compressed  gas,  in 


steel  cylinder 

Nitrogen,  non-flammable  compressed  gas, 
in  steal  cylinder 


(Select 
to  Correction) 


50 


50 


Subject  to  Section  7 of  Co 
dftioos  «f  applicable  bfll  of  ladir 
if  this  shipment  is  to  bo  dettver 
to  the  cqubsw  without  rucour 


Argon,  non - flammable  compressed  gas,  in 


50 


steel  cylinder 


Total 


150# 


(Signature  of  consignor.) 


If  charges  are  to  be  preps 
write  or  stamp  here.  "To 
Prepaid." 


To  Be  Prepaid 


Apr/68 

Rev-2 


Received  % 

to  apply  in  prepayment  of 
charges  on  the  property  descril 


ate  whether  It  is  carrier's 


•If  the  shipment  m 

or  shipper  s weight.  

Note. — When  the  rate  b dependent  on  value,  shippers  are  required  to  stat  specifically  in  writing  the  agreed 
or  declared  value  of  the  property. 

The  agreed  or  declared  value  of  the  property  is  hereby  specifically  *vated  by  the  shipper  to  be  not 

exceeding per 

THIS  1$  TO  CERTIFY  THAT  THE  ABOVE  NAMED  ARTICLES  ARE  PROPERLY  DESCRIBED.  AND  ARB  PACKED  AND 
MARKED  AND  ARE  IN  PROPER  CONDITION  FOR  TRANSPORTATION  CCOfc  >|No  TO  THE  REGULATIONS  PRESCRIBED 
BY  THE  INTERSTATE  COMMERCE  COMMISSION  AND/OR  THE  COMMANDANT  OF  THE  U.  S.  COAST  GUARD  AND/OR 
THE  CIVIL  AIR  REGULATION. 


Agent  or  Cashier. 

Per 

(The  signature  here  ackrtowto 
only  the  amount  prepaid.) 


Charges  advanced: 


AIR  PRODUCTS  AND  CHEMICALS,  INC.  Shipper. 

(Shipper's  Signature) 


Per. 


Permanent  poet  office  address  of  shipper  P.O.  BOX  S9t»  ALLENTOWN*  PA. 
From  No.  3102*  Printed  la  USA. 


Per 

Dtetv&ntSoQ  Dept. 


#A**) 

I 


INDUSTRIAL  A MEDICAL  OAS  DIVISION 


DISTRICT  OPERATIONS  MANUAL 


SECTION 


EXHIBIT  "D" 


Ship  to> 

AIR  PRODUCTS  AND  CHEMICALS,  INC. 


Plant  #1 


733  W.  Broad  Street 
Emmaus,  Penna. 

Atlit  IIM  QUALITY  CONTROL. 


I & M Quality  Control  Sample 

Product Pit.  Location  - — 

Sample  Source  _ Pressure  Me 

(Pit.  Valve  & Ho.,  Storage  Tank  & No. , Manifold,  Etc.) 

Sample  Pressure ps>9 

( Final-pressuro  after  Sample  Vaporizes  in  Mod.  4 Sampler) 

Cylinder  Ser.  No.  Batch  Sampler  Ser.  No. 

Sample  Date  _____  Sampled  By  _____________________ 

Remarks: 


/ \ and C(emtcaj& 

M'  INC. 


AUCNfOWN.  PfNNSVlVANIA 


ON  FOR 


ARTIC 


This  is  to  certify  that  the  contents  of  this  consignment  are  properly 
described  tay  name  and  are  packed,  malic ed  and  labeled  and  are  in  proper 
condition  for  carriage  by  air  according  to  all  applicable  carrier  and 
governmental  regulations . This  consignment  is  within  the  limitations 
prescribed  for  passenger/cargo  (cross-out  one)  carrying  aircraft . 


\ MARKS  AND 

SPECIF!  EACH  ARTICLE 
SEPARATOR  (TRADE 

NET  QUANTITY 

NUMBERS  ON 

IATA  ITEM  NUMBER 

NAMES  NOT  PERMITTED 

PER  PACKAGE 

1 PACKAGES  (OPTIONAL) 

(OPTIONAL) 

(OPTIONAL) 

LABEL 


REQUIRED 


NAME  OF 

ADDRESS \ 

SIGNATURE 


Fora  ^3330 


f\ c?fa7l»d&~uQLm£Ba& 


PUT  IT  IN  WRITING 


K 


Data  May  10 , 1968 

To  H.  E.  Llndenmoyer Subject  Analyses  Required  on  Quality 


From  D.  J,  Scott Control  Samples 

( ) Take  Action  ( ) For  Your  Approval  ( ) For  Your  Into  ( ) Discuss  With  Me 

( ) For  Your  Comments  ( ) As  Requested  ( ) File  ( ) Note  & Return 


The  following  analyses  are  required: 


Oxygen  - 

Argon 
Oxygen 
Nitrogen 
Carbon  Dioxide 
Carbon  Monoxide 
Nitrous  Oxide 
Methane 
Acetylene 
Krypton 

Total  Hydrocarbons 


Argon  - 

Argon 

Oxygen 

Nitrogen 

Helium 

Hydrogen 

Carbon  Dioxide 

Carbon  Monoxide 

Methane 

Total  Hydrocarbons 


Nitrogen  - 

Argon 

Oxygen 

Nitrogen 

Hydrogen 

Carbon  Monoxide 

Neon 

Total  Hydrocarbons 


Hydrogen  - 

Oxygen 
Nitrogen 
Hydrogen 
Carbon  Dioxide 
Carbon  Monoxide 
Nitrous  Oxide 
Methane 
Chlorides 

Total  Hydrocarbons 


Helium  - 


Argon 

Oxygen 

Nitrogen 

Helium 

Carbon  Dioxide 
Methane 

Total  Hydrocarbons 


In  addition,  a water  analysis  is  required  on  all  cylinders  and 
please  report  any  additional  contaminants  which  appear  on  the 
Infrared  Spectra. 


s 

J 

i 


] DJStamf 

t i Retyped  June  2,  1972 

kfq 


D.  J.  Scott 


FORM  S»27  i 

\ ■ 


apci  Document 
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I.  G.  D. 

DISTRICT  OPERATIONS  MANUAL 

VOLUME  IV 
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PUT  IT  IN  WRITING 


Date  10/17/66 

ALL  HOLDERS  OF  DISTRICT 

To OPERATIONS  MANUALS  Subject  . IforftslOBq  3>o^SD,_»aUtY 

Assurance  Program  Cost  Procedures 
kt  ftft (Section  6.3  - District  Operations  Manual) 

ccs  L.  C.  Kenmerer 

P.  F.  Neuman  ' 

In  order  to  reduce  the  accounting  time  and  costs  involved  in  the  Quality 
Assurance  Program,  the  following  changes  shall  be  made  in  the  cost  alloca- 
tion procedures:  (These  procedures  supersede  those  of  Section  6.3UT  the 
District  Operations  Manual.) 

1.  Each  District  will  automatically  be  assessed  a fixed  monthly  charge 
to  cover  both  routine  and  non-routine  analyses  performed  by  the 
Specialty  Gases  Laboratory.  These  monthly  charges  for  each  District 
are  listed  in  the  accompanying  attachment.  All  THstrirta  %rivi 
charged  with  their  respective  amounts  whether  the  required  number 
of  samples  is  submitted  for  awl aval  a or  not. 

a.  The  required  routine  sample  schedules  for  each  District  are 
given  in  the  attachment.  Samples  should  be  sent  to  the  Specialty 
Gases  laboratory  in  Bnnaus,  Pa. , in  compliance  with  the  schedule. 

b.  Also,  the  fixed  monthly  charge  includes  a prorated  amount  to 
cover  non-routine  analyses  performed  by  the  Laboratory.  This 
amount  is  prorated  to  the  respective  Districts  in  accordance 
with  the  total  number  of  routine  samples  per  District. 

2.  The  individual  Districts  shall  directly  assume  the  shipping  costs 
for  sample  cylinders.  Samples  sent  to  the  Specialty  Gases  Laboratory 
should  be  sent  with  shipping  costs  Prepaid  by  the  District.  After 
analysis,  the  sample  cylinders  will  be  returned  to  the  District 
"Freight  Collect" . In  the  past  these  charges  were  accumulated  by 
Accounting  and  charged  to  the  Districts  at  a later  time. 

The  Technical  Services  and  Maintenance  phases  of  the  Quality  Assurance 
Program  will,  as  in  the  past,  be  charged  to  the  Districts  after  service 
is  provided. 

In  addition  to  the  above  costing  procedure  changes,  we  are  still  receiving 
many  sample  cylinders  with  incompletely  and/or  improperly  filled  in  labels. 
Please  be  sure  that  all  labels  are  completely  and  properly  filled  in  prior 
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AIL  HOLDERS  OF  DISTRICT 

OPERATIONS  MANUALS  -2-  10/17/66 


to  shipping.  This  procedure  was  discussed  at  the  Operations  Symposia 
and  is  covered  in  the  District  Operations  Manual. 

Tour  cooperation  on  these  matters  will  be  appreciated. 


W.  L.  Ent 

Facilities  Operations  Manager 
Industrial  Gas  Division 


TKB/WLE/me 


Attachment 


f\  c^7%cc&ec&  andC&6mwa&‘ 

* INC. 

INDUSTRIAL  CAS  DIVISION 


sneer.  £ or 


I . G . D. 

DISTRICT  OPERATIONS  MANUAL 

volu:.:e  iv 

UM10.  fo  o i o t 


viL*.  FCK  w l . 

. «.  . illiG  KC  jTJtit  CT  SAMPLES 

DISTRICT/ 

GAS  SAMPLE 

• LIQUID  SAMPUS 

AVG.  SAMP] 

suffix  NO. 

msssi 

EmmL.  - 

PER  MONTH 

Albany 

02 

Oxygen 

ea.  4 nos. 

ea.  4 nos.) 

Nitrogen 

ea.  2 nos. 

ea.  2 nos.) 

2.5 

Argon 

ea.  2 nos. 

ea.  2 noe.) 

Alleghany 

04 

Oxygen 

ea.  4 nos. 

ea.  1 no.) 

Nitrogen 

ea.  2 nos. 

ea.  1 mo.) 

4.7 

Argon 

ea.  2 nos. 

ea.  1 no.) 

Helium 

ea.  2 noe. 

— ) 

Ashland 

05 

Oxygen 

— 

ea.  1 mo.) 

Nitrogen 

— 

ea.  1 no.) 

2.0 

Atlanta 

06 

Oxygen 

ea.  A mos. 

ea.  4 aos.) 

Nitrogen 

ea.  2 2uos>  • 

ea.  2 mos.) 

1.5 

Bl&densburg 

07 

Oxygen 

ea.  A bos. 

ea*  A mos.) 

Nitrogen 

ea.  2 cos. 

ea.  2 nos.) 

Argon 

ea.  2 aos. 

ea.  2 mos.) 

3.5 

Helium 

ea.  2 soe. 

- ) 

Bloomfield 

08 

Oxygen 

ea.  A mos.) 

Nitrogen 

— 

ea.  2 mos.) 

1.75 

Argon 

— 

ea*  2 mos.) 

hydrogen 

ea.  2 aos. 

~ ) 

Bums  Harbor 

09 

Oxygen 

_ 

ea.  1 mo.) 

Nitrogen 

— 

ea*  1 mo.) 

2.0 

Chicago 

11 

Oxygen 

ea.  A mos. 

ea.  A mos.) 

Nitrogen 

ea.  2 mos. 

ea.  2 mos.) 

2.75 

Argon 

ea.  2 mos. 

ea.  2 mos.) 

Chocolate 

Bayou 

12 

Nitrogen 

— 

ea.  1 mo.) 

1.0 

Cleveland 

13 

Oxygen 

ea.  A mos. 

ea.  2 mos.) 

Nitrogen 

ea.  2 mos. 

ea.  1 mo.  ) 

3.75 

Argon 

ea.  2 mos. 

ea.  1 mo.  ) 

Dallas 

17 

(bqrgen 

ea.  A mos. 

ea.  A mos.) . 

Nitrogen 

ea.  2 mos. 

ea*  2 mos.) 

3.0 

Argon 

ea.  2 mos. 

ea.  2 mos.) 

hydrogen 

ea*  2 mos* 

- ) 

f 

Delaware 

City 

18 

Oxygen 

— 

ea.  1 so.) 

Nitrogen 

m . 

ea*  1 mo*) 

3.0 

Hydrogen 

ea.  1 mo. 

- ) 

N 'A 1 1 -- » J ) * M *•) : ) : . i * * * i si^l l jl» 1 ¥«  J >Ji** 


PACK  TWO 

DISTRICT/ 

GAS  SAMPLE 

swm  bd. 

PRODUCT 

MOTTO- 

Bdgewood 

21 

Hydrogen 

ea.  1 no. 

Greensboro 

32 

Ojggan 

ea.  4 noe  a 

Nitrogen 

ea.  2 nos. 

Hapten 

35 

Oxygen 

ea*  4 noe* 

Nitrogen 

ea*  2 moe  • 

Argon 

ea.  2 moe. 

Hopewell 

37 

Hydrogen 

ea.  1 no. 

Ieelln 

43 

Oxygen 

ea.  4 noe. 

Nitrogen 

ea.  2 moe. 

Argon 

ea.  2 moe. 

Jacksonville 

45 

Oxygen 

ea.  4 noe. 

Nitrogen 

ea.  2 mos. 

Kansas  City 

50 

Oxygen 

ea.  4 nos. 

Argon 

ea.  2 moe. 

Helium 

ea.  2 moe. 

Kingsport 

52 

Oxygen 

ea.  4 moe. 

Nitrogen 

ea.  2 moe. 

Argon 

ea.  2 mos. 

iAthrop 

54 

Oxygen 

— 

Nitrogen 

— • 

Largo 

55 

Oxygen 

ea.  4 noe. 

Nitrogen 

ea*  2 moe. 

Hydrogen 

ea.  2 mos. 

Lehigh 

56 

Oxygen 

ea.  4 nos. 

Nitrogen 

ea.  2 mos. 

Long  Beach 

57 

Oxygen 

ea.  4 noe. 

Nitrogen 

ea.  2 moe. 

Hydrogen 

ea*  2 moe. 

Argon 

ea.  2 moe . 

Middletown 

59 

Qsqrgen 

— 

Nitrogen 

— 

Memphis 

60 

Oxygen 

ea.  4 noe* 

Nitrogen 

ea*  2 moe* 

Argon 

ea.  2 noe. 

Hydrogen 

ea.  2 mos* 

61  Oxygen  ea.  4 moe 
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lfjul  cm  *.m 


LIQUID  SAMPLE 

AVG.  SAMPLES 

tmm. 

W-ICTTH — 

- ) 

1.0 

ea*  4 nos.) 

ea.  2 mos.) 

1.75 

ea.  4 moe.) 

ea*  2 moe . ) 
ea.  2 moe.) 

2.5 

- ) 

1.0 

ea.  4 moe.) 

ea.  2 mos.) 
ea.  2 moe.) 

2.5 

ea*  4 noe.) 

ea.  2 moe.) 

1.5 

J 

ea.  4 mos.) 

4 

•a.  2 moe.) 

2.0 

- 

- ) 

1 

ea.  4 moe.) 

j 

ea.  2 mos.) 

2.5 

ea.  2 moe.) 

ea.  1 mo.) 

t 

ea.  1 mo.) 

2.0 

1 

i 

5 

ea.  4 moe.) 

ea.  2 mos.) 
- ) 

2.0 

ea.  4 moe.) 

ea.  2 moe.) 

ea.  4 moe.) 
ea.  2 moe.) 

1.5 

ea.  2 mos.) 

3.0 

ea.  1 no.) 

ea.  1 mo.) 

2.0 

ea.  4 mos.) 
ea.  2 mos.) 

1 

ea.  2 moe.) 

3.0 

ea.  4 moe.) 


0.5 


Welrton 


96  Oxygen 


i . G . D . 

DISTRICT  OPERATIONS  MANUAL 

VOLUME  IV 
LP.M.D.  No. A11L _ 


LIQUID  SAMPLE 
FREQUENCY 

ATC.  SAMPLES 
PER  MONTH 

ea.  4 mos.) 
ea.  2 nos.) 

1.5 

ea.  4 nos.) 
ea.  2 nos.) 
ea.  2 nos.) 

i j 

3.5 

- ) 

1.0 

ea.  1 no.) 
ea.  1 no.) 

3.25 

- ) 

- ) 

1.0 

ea.  4 nos.) 
ea.  2 rat  .) 

1.5 

ea.  4 nos.) 
ea.  2 mos.) 

2.0 

> 

- ) 

- ) 

1.0 

I 

1 

ea.  4 mos.) 

0.5 

ea.  4 nos.) 
ea.  2 nos.) 
ea.  2 nos.) 

2.5 

ea.  1 no.) 

1.0 

ea.  4 mos.) 

j 

ea.  2 mos.) 

1.5 

i 

ea.  4 mos.) 
ea.  2 mos.) 

1.5 

■i 

ea.  4 mos.) 

0.5 

i 

i 

ea.  1 mo.) 
• % 

2.0 

f 

ea*  4 doo.) 
ea.  2 mod.) 


ea.  2 mos.) 

3.5 

- ) 

- ) 

ea.  1 mo.  ^ 

1.0 

INDUSTRIAL  GAS  DIVISION 


DISTRICT  OPCRATIONS  MANUAL 

VOLUME  X 


SECTION  6*3*2 


SHEET  OF. 


ANALYSIS  REQUIREMENTS  SUMMARY 


INDEX  TO  CONTENTS 


Par.  1 Purpose 

Par.  2 Scope 

Par.  3 Analysis  Requirements  - Tube  Trailers 

Par.  4 ;. Analysis  Requirements  - Liquid  Tankers  and  Railcars 

Par.  5 Analysis  Requirements  - Liquid  Cylinders 

Par.  6... Analysis  Requirements  - Industrial  Gas  Cylinders 

Par.  T Analysis  Requirements  - Medical  Gas  Cylinders 

Par.  8 Analysis  Requirements  - Environmental  Mixtures 

Par.  9 Analysis  Requirements  - Purchased  Product 

Par.  10 General  Information 


1.  PURPOSE 

To  establish  the  frequency  of  analysis  and  the  types  of  analytical  equipment 
required  for  each  Industrial  Gas  Division  Product. 

2.  SCOPE 

The  material  contained  herein  applies  to  all  plants  that  fill  or  transfer 
Industrial  Gas  Division  products  unless  the  plant  or  product  is  specifically 
excluded  by  the  IGD  Manager  of  Procedures  and  Safety  or  the  Specialty  Gas 
Technical  Manager. 


3.  ANALYSIS  REgJIRBIEHTS  - TUBE  TRAILERS 

Special 

Conslderat ions 


Analysis 

Analytical 

(Raf. 

Product 

Sample 

Reqt.tr  ed 

Method 

par.  10) 

Oxygen 

Residual  Contents 

Total  Purity 

APCI  Or sat  or 

10.1,  10.3 

(not  normally 

Paramagnetic 

required) 
Moisture  (not 

Dev  Pointer 

10.1,  10.2 

normally  required) 

Filled  Trailer 

Total  Purity 

APCI  Or sat  or 
Paramagnetic 

10.3 

Moisture 

Dev  Pointer 

10.2 

Nitrogen 

Residual  Contents 

Oxygen  (not 

Oxygen  Trace 

10.1,  10.6 

normally  required) 

Moisture  (sot 

Dev  Pointer 

10.1,  10.2 

normally  required) 

March/70 


j. 

I 


i 


APCI  DOCUMENT 


A c/fyt  7%odhc&  and  Cietmcafa  INDUSTRIAL  GAS  DIVISION 


DISTRICT  ONRATIONS  MANUAL 
VOLUME  1 
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Analysis 

Analytical 

Special 

Product 

Sample 

Required 

Method 

Consider  at  i< 

Nitrogen 

Filled  Trailer 

Oxygen 

Oxygen  Trace 

10.6 

Moisture 

Dev  Pointer 

10.2 

Argon 

Residual  Contents 

Oxygen 

Oxygen  Trace 

10.6 

Moisture  (not 

Dev  Pointer 

10.1, 

10.2 

normally  required) 

Filled  Trailer 

Oxygen 

Oxygen  Trace 

10.6 

Nitrogen 

Ion-Mobility 

10. T 

Moisture 

Dev  Pointer 

10.2 

Hydrogen 

Residual  Contents* 

Oxygen 

Oxygen  Trace 

10.6 

Moisture  (not 

Dev  Pointer 

10.1, 

10.2 

normally  required) 

Filled  Trailer* 

Oxygen 

Oxygen  Trace 

10.6 

Moisture 

Dev  Pointer 

10.2 

Helium 

Residual  Contents 

Oxygen 

Oxygen  Trace 

10.6 

Moisture  (not 

Dev  Pointer 

10.1, 

10.2 

normally  required) 

Filled  Trailer 

Oxygen 

Oxygen  Trace 

10.6, 

10.8 

Moisture 

Dev  Pointer 

10.2, 

10.8 

* Refer  to  Procedure  Ho.  6.3.1-U  "Hydrogen  Plant  Sampling  and 
Instrumentation"  to  determine  additional  analysis  requirements 
for  hydrogen  tube  trailers.  The  plant  process  will  generally 
have  a direct  affect  on  the  type  and  quantity  of  contamlnents 
in  the  product  hydrogen. 

k.  ANALYSIS  REQUIREMENTS  - LIOJID  TANKERS  AMD  RAILCARS 


Product 

LOX 


Sample 

Analysis 

Required 

Analytical 

Method 

Special 

Considerations 
(Ref. 
par.  10) 

Residual  Contents 

Total  Purity 

Or  sat 

Sample  taken 
from  vapor 
phase,  10.3 

Filled  Tanker 
and  Railcar 

Total  Purity 

Qrsat 

Sample  taken 
from  vapor 
phase,  10.3 

NOTE:  rrior  to 

unloading  into  AFC I 
storage  from  other 
than  AFC I Production 
Facilities . 

Total  Purity 

Or  sat 

Sample  taken 
from  vapor 
phase,  IX).  3 
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Product 

LIN 

Sample 

Residual  Contents 

Analysis 

Required 

Oxygen 

Content 

Analytical 

Method 

Oxygen  Trace 

SHEET  _1_  OF  _L- 

Special 

Cons iderat ions 
Liquid  phase 
sample,  10.6 

Filled  Tanker 
and  Railcar 

Oxygen 

Content 

Oxygen  Trace 

Liquid  phase 
sample,  10.6 

NOTE:  Prior  to 

unloading  into  AFC I 
storage  from  other 
than  APCI  Production 
Facilities. 

Oxygen 

Content 

Oxygen  Trace 

P 

Liquid  phase 
sample,  10.6 

LAR 

Residual  Contents 

Oxygen 

Oxygen  Trace 

Liquid  phase 
sample,  10.6 

Filled  Tanker 
and  Railcar 

Oxygen 

Nitrogen 

Oxygen  Trace 
Ion-Mobility 

Liquid  phase 
sample,  10.6 
Vapor  phase 
sample 

a. 

NOTES: 

Prior  to  unloading  Oxygen 
into  APCI  storage 
from  other  than  APCI  Nitrogen 
Production  Facilities. 

Oxygen  Trace 
Ion-Mobility 

Liquid  phase 
sample,  10.6 
Vapor  phase 
sample 

b. 

Prior  to  unloading 
into  APCI  storage 
from  APCI  Produc- 
tion Plant. 

Nitrogen 

Ion -Mobility 

Vapor  phase 
sample 

LHg 

Residual 

Oxygen 

Oxygen  Trace 

Liquid  phase 
sample,  10.6 

Filled  Tanker 
and  Railcar 

Oxygen 

Oxygen  Trace 

Liquid  phase 
sample 

NOTE:  Prior  to 

unloading  into  APCI 
storage  from  other 
than  APCI  Production 
Facilities. 

Oxygen 

Oxygen  Trace 

Liquid  phase 
sample 

3.  ANALYSIS  REQUIREMENTS  - LIQUID  CYLINDERS  (Does  not  apply  to 

devars ) 

Product 

Sample 

Analysis 

Required 

Analytical 

Method 

Special 
Considerations 
(Ref. 
par.  10) 

LOX  Normally  not  required  Total  Purity  Orsat  Vapor  phase 

except  any  cylinder  sample,  10.3 

< nh  v t<on  use  shall  be  analyzed. 
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Analysis 

Product  Sample  Required 

LIH  One  cylinder  per  fay  Oxygen 

except  when  customer 
use  is  determined  to 
be  for  refrigeration 
purposes. 

LAR  Each  cylinder  Ojqrgen 

filled 


Analytical 

Method 

Oxygen  Trace 


Special 

Considerations 
(Ref. 
par.  10) 

Liquid  phase 
sample,  10.6 


Oxygen  Trace  Liquid  phase 
sample,  10.6 


L He 


Each  cylinder  Oxygen 

flllrd 


Oxygen  Trace  Liquid  phase 
sample,  10.6 


6.  AHALYSIS  REOJIRBffiHTS  - INDUSTRIAL  GAS  CYLINDERS 


Special 

Considerations 


Analysis 

Analytical 

(Ref. 

Product 

Sample 

Required 

Method 

par.  10) 

Oxygen 

1 cyl. /shift 

Total  Purity 

Or  sat 

10.5 

1 r/l./day 

Moisture 

Dew  Pointer 

10.2 

High  Purity 

1 cyl. /manifold 

Oxygen 

Oxygen  Trace 

Nitrogen 

1 cyl. /day 

Moisture 

Dew  Pointer 

10.2 

LIN  Storage  Tank 

Oxygen 

Oxygen  Trace 
(continuous 
when  not  in 
use  analyz- 
ing cylinders) 

Liquid  phase,  10.6 

\ 

Argon 

1 cyl. /manifold 

Oxygen 

Oxygen  Trace 

10.6 

1 cyl. /manifold 

Nitrogen 

Ion-Mobility 

10.7 

1 cyl. /shift 

Moisture 

Dew  Pointer 

10.2 

LAR  Storage  Tank 

Nitrogen 

Ion-Mobility 
(continuous 
monitor  when 
not  in  use 
analyzing 
cylinders) 

Vapor  phase 

Helium 

Source  prior  to 
filling  and 
1 cyl. /manifold 

Oxygen 

Oxygen  Trace 

10.6 

M*.rch/70 

Source  prior  to 
filling  and 
1 cyl. /manifold 

Moisture 

Dew  Pointer 

10.2  j. 

i 

i 

<*; 

* . 
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Product 

Sample 

Reuuired 

Method 

Special 

Considerations 

Hydrogen 

Source  prior  to 
filling  and 
1 cyl.,  manifold 
Sourc  prior  to 
filling  and 
1 cyl. /shift 

Oxygen 

Moisture 

Oxygen  Trace 
Dew  Pointer 

10.6 

10.2 

Industrial 
Gas  Mix- 
tures 

1 cyl. /manifold 

One  component 
must  be  analy- 
sed (usually 
the  minor  com- 
ponent) 

Thermal 
Conductivity 
Analyzer  or 
Caustic  Or  sat 

7.  ANALYSIS 

REQU1RBIE1ITS  - MEDICAL  GA8  CYLINDERS 

Product 

Sample 

Analysis 

Required 

Analytical 

Method 

Special 

Considerations 
(Ref. 
par.  10) 

Therapy  & 

Medical 

Oxygen 

1 cyl. /manifold 

Total  Purity 

Orsat  or 
Paramagnetic 

Helium 

1 cyl. /manifold 

Oxygen  Content 

Oxygen  Trace 

10.6 

Carbon 

Dioxide 

10.  4 

Cyclopropane 

10.  A 

Ethylene 

10.4 

Citrous 

Oxide 

10.4 

O2/CO2 

Mixtures 

Each  cylinder 
1 cyl. /manifold 

Carbon  Dioxide 
Oxygen 

Thermal 
Conductivity 
or  Caustic 
Crsat 
Orsat 

10.4 

02/He 

Bach  cylinder 

Oxygen 

Orsat, 

Paramagnetic , 
or  Thermal 
Conductivity 

Compressed  Air*  Breathing  Quality 

- 

By  Recon- 
stitution 

Each  cylinder 

Oxygen 

Orsat, 

Paramagnetic, 

or  Polarographi c 
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Special 

Considerations 


Analysis 

Analytical 

(Ref. 

Product 

Sample 

Required 

Method 

par.  10) 

By  Com- 

1 cyl. /manifold 

Oxygen 

Or sat. 

10.10 

pression  of 

Paramagnetic, 

Atmospheric 
Air  • 

or  Polarographic 

Recipro- 

1 cyl. /day 

Moisture 

Dew  Pointer 

10.10 

eating  Compressor 

Diaphragm 

Compressor 

1 cyl.  /manifold 

Moisture 

Dev  Pointer 

10.10 

8.  AEALTSIS  REQJIRENEHTS  - 

SHVIROHMESTAL  MIXTURES  (Diwing  Mixtures, 

etc.) 

Special 

Considerations 

Analysis 

Analytical 

(Ref. 

Product 

Sample 

Required 

Method 

par.  10) 

He/0o 

Each  cylinder 

Oxygen 

Paramagnetic , 

(10<  0_  or  greater) 

Thermal  Conductivity 

or  Polarographic 

He/0, 

Each  cylinder 

Oxygen 

Consult  Specialty  Gas 

(Less  than  10H  0^) 

Technical  Manager 

PURCHASED  PRODUCT 

Special 

Cons iderat ions 

Analysis 

Analytical 

(Ref. 

Product 

Sample 

Required 

Method 

par.  10) 

Liquid 
& Gaseous  \i 

• 

• ^ 

10.9 

®2*  ®2* 

10.  GERERAL  IEFORMATIOR 

10.1  The  plant  superintendent  shall  he  responsible  for  establishing  the  frequency 
of  analysis  for  the  residual  contents  of  tube  trailers.  When  establishing 
this  frequency,  he  should  consider: 


('-)  the  customer's  purity  requirement 

(b)  his  knowledge  of  the  production  plant  process 

(c)  hie  knowledge  of  plant  operation  parameters 

(d)  histories  of  customer  contamination  of  our  tube  trailers 

(e)  bis  own  responsibility  for  assuring  that  all  product 
meets  customer  requirements 


March/70 
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10.2  High-pressure  gas  samples  for  dev  point  measurement  are  taken  from  a sample 
line  installed  directly  at  the  gauge  coupling*  thereby  eliminating  the 
need  for  a pressure  regulator.  The  sample  line  should  be  as  short  as 
possible — never  longer  than  18  inches.  If  appropriate,  a tripod  is  supplied 
to  support  the  dev  point  apparatus  close  to  the  gauge  coupling. 

10.3  An  analyzer  which  utilizes  a paramagnetic  principle  can  be,  used  as  a 
substitute  for  the  Or  sat  provided  the  full  scale  reading  is  no  more  than 
2%,  e.g.  the  98  - 10CJ  Beckman  Paramagnetic  Analyzer. 

10. 4 All  liquids  or  gases  purchased  for  pump  filling  or  transfilling  into  medical 
cylinders  must  be  accompanied  by  an  analysis  or  be  covered  by  a guaranty 
per  requirements  of  Section  1.2.1. 

10.5  When  a bulk  delivery  is  made  to  the  cylinder  fill  bulk  storage  tank 

during  the  shift,  a second  cylinder  representative  of  this  product  shall  also 
be  analyzed  for  total  purity. 

10.6  The  Oxygen  Trace  Analyzer  used  for  the  analysis  shall  be  capable  of  reading 
0-10  ppm  O2  full  scale.  Examples  are  the  Analytic  Systems  or  Delphi 
Industries  Electrochemical  Oxygen  Trace  Analyzer. 

10.?  The  Ion-Mobility  Analyzer  used  for  argon  analysis  shall  be  capable  of  reading 
0 - 50  pim  nitrogen  in  argon  or  less. 

10.8  When  tube  trailers  are  filled  by  other  than  APCI  facilities  for  delivery  to 
/.PCI  production  facilities,  analyses  shall  be  performed  on  that  trailer  as 
it  is  received  at  the  APCI  facility  in  accordance  with  APCI  requirements  on 
filled  trailers. 

10.9  All  gaseous  products  procured  from  other  than  APCI  production  facilities, 
whether  purchased  or  product  trade,  shall  meet  all  requirements  of  APCI 
produced  products  in  regard  to  product  purity  and  analysis. 

10.10  The  Dew  Point  method  of  performing  moisture  analysis  shall  also  be  utilized 
to  detect  oil.  Oil  will  cause  a "dew"  on  the  mirror  which  will  not 
disappear  upon  warming. 

10.11  See  Section  10  of  DOM,  Volume  I for  IGD  product  purity  specifications. 
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I.  PURPOSE 


COLD  BOX  LEAKS 


To  establish  a standard  procedure  that  will  enable  Operations  personnel 
to  deal  effectively  with  known  or  suspected  cold  box  leaks. 


II.  RESPONSIBILITY 

Plant  Managers,  Maintenance  Superintendents,  and  operating  personnel  are 
responsible  for  compliance  with  the  provisions  of  this  procedure  as 
applicable. 


III.  PROCEDURE 

A.  General 

1.  Procedures  for  dealing  with  cold  box  leaks  are  necessary  in  a good 
maintenance  program.  Despice  continuous  nitrogen  purging  of  the 
cold  box,  a small  liquid  oxygen  leak  can  raise  the  concentration 
of  oxygen  to  limits  that  cure  unsafe  for  operation  and  maintenance. 

2.  Cold  box  atmospheres  shall  be  monitored  weekly  for  oxygen  content 
to  ensure  that  nitrogen  purge  is  adequate  and  that  no  oxygen 
leakage  exists.  Monitoring  shall  be  done  at  several  points  on 
each  cold  box,  especailly  around  oxygen  pumps,  hydrocarbon 
adsorbers,  and  guard  adsorbers.  The  appearance  of  frost  spots  or 
vapors  may  also  prompt  immediate  checks. 

Note:  From  a safety  standpoint,  the  main  concern  is  with  oxygen 

concentrations  higher  than  21  percent,  and  these  will 
require  action,  but  any  radical  deviation  from  plant  norms 
shall  be  investigated.  For  example,  it  the  jacket  oxygen 
concentration  of  a plant  has  been  running  consistently  at 
15  percent  and  increases  suddenly  to  20  percent,  a leak 
check  may  be  worthwhile  for  process  reasons,  even  though 
the  safety  level  of  21  percent  has  not  been  exceeded. 

Nitrogen  leaks  shall  not  be  neglected.  Locating  them  may  be 
important  for  the  following  reasons:  (1)  process 

considerations,  (2)  because  of  the  possibility  of  an 
ashpyxiating  atmosphere  developing,  and  (3)  because  pressure 
ruptures  could  occur  due  to  embrittlement  of  normally 
warm  carbon  steel  piping  or  vessels.  The  procedures  in 
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B and  C will  deal  chiefly  with  oxygen  leakage,  out 
portions  will  also  apply  to  nitrogen. 

B.  Action  Criteria  and  Limitations 

1.  Indications  of  cold  box  atmospheres  over  21  percent  oxygen  will 
require  an  immediate  increase  of  nitrogen  purge.  Be  sure  to  check 
all  susceptible  areas  to  insure  the  oxygen  content  is  21  percent 
or  lower.  Increasing  the  purge  to  reduce  the  oxygen  concentration 
will  be  limited  by: 

a.  Availability  of  sufficient  nitrogen  to  reduce  the  oxygen 
concentration  to  21  percent  or  lower. 

b.  Large  frost  spots  resulting  from  the  purge.  These  frost  spots 
may  be  due  to  a leak  large  enough  to  prevent  purge  nitrogen 
heat  from  warming  areas  sufficiently  or  because  it  is 
channeling  through  the  box  and  all  nitrogen  discharges  on  a 
limited  area. 

2.  If  increased  purge  cannot  reduce  the  oxygen  content  to  21  percent 
or  lower,  or  if  you  reach  the  above  mentioned  purge  limitations 
and  have  large  frost  spots,  immediate  action  shall  be  taken  to 
locate  and  repair  the  leak.  If,  after  finding  the  leak,  it  is 
necessary  to  shut  the  plant  down  for  repairs,  the  Regional  Manager 
shall  be  advised  of  the  facts  and  he,  in  turn,  shall  contact  the 
Operations  Production  Manager  and  Safety  Director  to  determine 
further  action. 

C.  Finding  Leaks 

The  following  hints  are  intended  to  be  helpful  as  a guide  to  finding 
leaks.  An  attempt  has  been  made  to  list  a normal  sequence  for  the 
average  situation,  but  differing  circumstances  make  it  impossible  to 
prescribe  a definite  course  of  action.  Individual  plant  peculiarities, 
the  magnitude  of  the  leak,  and  the  nature  of  surrounding  equipment 
will  dictate  the  sequence  to  follow. 

1.  It  is  logical  to  attempt  to  locate  the  leak  while  the  plant  is 
operating,  if  the  proper  consideration  is  given  to  the  usual 
hazards  associated  vith  cryogenic  liquids,  i.e.  liquid  burns  to 
personnel,  increased  flammability  of  materials  caused  by  high 
oxygen  concentrations,  and  asphyxiation  caused  by  low  oxygen 
concentrations . 
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2.  If  possible,  increase  the  nitrogen  purge  to  reduce  the  oxygen 
content  to  21  percent  (or  as  low  as  possible)  until  the  leak  is 
located.  A clean  length  of  pipe  or  hose  temporarily  tied  into 
the  reactivation  blower  can  be  used.  Valve  seal  boots  or  removable 
panels  can  be  used  as  inlets  to  the  box  during  supplement  ary  purge. 
Remember  that  to  increase  the  purge  flow  is  at  best  only  a temporary 
measure,  particularly  for  bad  leaks.  Supplementary  purging  may 
decrease  the  concentration  at  the  point  of  leakage. 


3.  Use  a Beckman  D-2  or  similar  analyzer  to  locate  the  area  of  highest 
concentration.  A probe,  made  of  clean  1/ 4-inch  stainless  steel 
pipe  of  any  proctical  length,  is  a very  effective  tool  when  used 
with  the  analyzer.  The  probe  should  be  tapered  and  sealed  at  one- 
end  and  should  have  four  1/8-inch  holes  drilled  in  the  side  near 
the  tapered  end.  If  necessary,  drill  holes  to  admit  the  probe 
(use  a drill  stop  so  that  the  drill  will  penetrate  only  the  jacket). 
To  avoid  defacing  the  jacket,  valve  boots  and  panel  bolts  can  also 
be  loosened.  The  drilled  holes  can  be  made  the  proper  size  so 
that  they  can  be  tapped  for  standard  pipe  or  machine  screws  to 
plug  them  after  they  bve  been  vised.  The  highest  purity  obtained 
will  be  a clue  to  the  location  of  the  leak.  If  the  highest 

purity  obtainable  is  30  to  33  percent  oxygen,  the  leak  will  probably 
be  in  the  crude  oxygen  circuit.  If  it  is  73  percent  or  higher,  the 
leak  may  be  in  the  lower  section  of  the  low-pressure  column  or  the 
condenser.  The  probe  size  will  affect  the  concentration  reading. 

It  should  be  as  close  to  the  outside  diameter  of  the  analyzer  sampling 
tube  as  practical.  Atmospheric  influx  will  also  affect  the  reading, 
therefore,  the  distance  between  the  actual  and  the  Jacket  penetration 
and  the  size  of  the  Jacket  opening  cure  factors  that  will  influence 
the  reading  and  will  need  to  be  considered.  Purge  nitrogen  out- 
lets will  also  influence  the  reading.  The  purge  valve  may  be 
turned  off  to  take  the  probe  tests,  but  should  be  opened  again 
as  soon  after  testing  as  possible. 

4.  Check  with  personnel  who  may  be  more  familiar  with  particular 
plants  and  their  possible  weaknesses.  For  instance,  23  T/D  plants 
had  quite  a few  cases  where  the  low-pressure  column  tray  Joints 
broke  near  the  condenser  or  at  column  supports;  "E"  size  standard 
plants  have  expansion  bellows;  and  some  of  the  original  aluminum 
columns  vere  subject  to  breakage  at  the  pressure  taps  welded  into 
the  column  shell. 
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5.  Check  prints  for  the  areas  most  likely  to  cause  problems.  Flanges, 
expansion  bellows,  valve  bonnets,  orifice  unions,  etc.  would  be 
more  likely  to  leak  than  welded,  soldered,  or  even  threaded  Joints. 

6.  After  checking  the  results  of  the  atmospheric  analysis , reviewing 
prints,  obtaining  a work  permit,  etc.,  remove  the  panel  or  cut  into 
the  box  at  the  suspected  area.  On  welded  Jackets,  a chipping  chisel 
or  sabre  saw  should  be  used,  and  a nitrogen  purge  should  be  applied 
at  the  immediate  area.  Prints  should  also  have  been  reviewed  to 
prevent  damage  to  lines  and  vessels  within  the  box  that  Eire  close 
to  the  Jacket.  Discontinue  cutting  periodically  and  probe  ahead 
through  the  cut  portion  to  avoid  damage  to  items  which  may  not 
appear  on  prints.  Cutting  torches  should  not  be  used  for  this 
work.  Besides  being  hazardous,  they  will  not  do  the  neat  Job 
necessary  for  eventual  replacement  of  the  panels. 

7.  When  digging  into  the  insulation,  chemical  goggles  or  a face  shield, 
long  sleeved  shirt,  clothing  free  of  grease  and  oil,  and  asbestos 
gloves  must  be  used.  Personnel  will  then  have  maximum  protection  I 
from  a spray  of  liquid  or  cold  gas. 

8.  During  removal  of  the  rock  wool,  liquid  may  be  found  and  followed 

to  its  source.  However,  the  liquid  may  often  disappear  with  exposure 
to  the  atmosphere.  In  such  cases,  or  if  it  is  a gas  leak,  it  may  be 
possible  to  see  or  feel  the  direction  from  which  most  of  the  flow  is 
coming  and  work  in  that  direction.  It  should  also  be  remembered 
that  frost  spots  or  liquid  at  the  bottom  of  a Jacket  can  often  be 
caused  by  liquid  dripping  from  leaks  at  higher  elevations.  Here 
again  the  analyzer  can  be  used  to  check  vhe  concentration  to  trace 
the  leak  back  to  its  source. 

9.  Where  deep  penetration  of  large  boxes  is  necessary,  investigation 
will  be  limited  by  the  density  of  the  vapors . The  atmosphere  must 
contain  between  18  and  25  percent  oxygen.  Lifelines,  fresh  air 
blowers,  self-contained  breathing  apparatus,  and  sufficient  standby 
personnel  outside  the  Jacket  shall  be  used  as  necessary.  Storing 
of  rock  wool  3hould  be  provided  where  required.  Constant  analysis 
of  the  atmosphere  in  all  corners  of  the  cavity  is  absolutely  neces- 
sary. When  vapors  are  excessive,  it  may  be  necessary  to  shut  down 
the  plant,  dig  into  the  box  in  the  direction  of  the  suspected  leak, 
and  inspect  all  Joints  for  leakage.  If  no  obvious  leakage  is  dis- 
covered through  inspection,  the  plant  may  need  to  be  restarted  and 
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checked  under  pressure  as  long  as  the  nan  can  remain  inside.  Repeat 
this  digging,  inspection,  and  startup  as  often  as  necessary. 

10.  As  a last  resort,  it  may  be  necessary  to  defrost  the  plant  and 
pressure  test  the  various  circuits,  checking  for  pressure  drop. 

This  is  difficult  because  of  possible  leakage  through  valves  and 
because  heat  transfer  to  cold  insulation  will  influence  pressure 
drop.  If  the  leak  can  be  isolated  to  a main  circuit,  it  may  be 
possible  to  pinpoint  it  by  valving  off  smaller  sections  of  that 
same  circuit  and  noting  changes  in  pressure  drop  rates.  As  a 
final  check,  valves  may  need  to  be  removed  and  blank  flanges  plugs, 
etc.,  installed  to  insure  and  airtight  system. 

D.  Repairing  Leaks 

1.  If  the  leak  or  leaks  are  located  and  can  be  repaired  without 
shutting  down  the  plant,  first  provide  a temporary  increase  in 
the  purge  in  the  area  of  the  leak  with  a clean  pipe  or  hose  from 
the  reactivation  blower  discharge  or  other  available  source. 

Insure  that  the  general  working  area  is  clean,  free  of  oil  contamina- 
tion or  any  flammable  material.  Either  remove  a convenient  bolted 
panel  or,  if  necessary,  use  a sabre  saw  to  cut  a panel  opening  near 
the  leak.  Never  use  a torch  to  cut  a panel  during  operation.  Remove 
enough  rock  wool  to  expose  the  leaking  flange  or  valve  bonnet.  Repair 
the  leak  if  possible,  replace  rock  wool,  being  sure  it  is  free  of 
oil  contamination  (use  fresh  rock  wool  if  possible),  and  bolt  panel 
in  place. 

2.  If  the  leak  or  leaks  are  located  and  cannot  be  repaired  without 
shutting  down  the  plant,  contact  your  Regional  office  as  to  a 
further  course  of  action. 


IV.  RELATED  PROCEDURES 
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I.  PURPOSE 

To  establish  a general  inspection  and  maintenance  program  for  plant 
instrumentation*  on  which  the  programs  of  the  individual  plants  can 
be  based. 


II.  RESPONSIBILITY 

The  plant  management  and  operating  personnel  of  each  plant  are  respon- 
sible for  establishing  a maintenance  program  for  their  plant  based  on 
this  general  program  and  for  adhering  to  the  maintenance  schedule. 

III.  PROCEDURE 


This  procedure  treats  the  maintenance  of  control  valves,  analyzers, 
process  instruments,  and  pay  meters.  For  safety  valve  maintenance, 
see  section  6.02;  for  gages,  see  section  1.10. 


A.  Schedule 

1 . Daily  Inspection 

a.  Calibrate  all  analyzers  unless  otherwise  noted. 

b.  Check  flow  rates  on  analyzer  rotameters. 

c.  Check  standardization  and  reference  cylinders.  (Do  not 
use  cylinders  that  are  pressurized  to  less  than  50  psig.) 

2.  Weekly  Maintenance 

a.  Check  and  zero  rotameter  pay  meters. 

b.  Check  chart  drives  for  proper  operation. 

c . Clean  pens . 

d.  Check  liquid  levels  in  the  oxygen  trace  analyzers. 

e.  Check  automatic  valves  for  proper  operation. 

f.  Check  automatic  valve  packing  for  leaks. 
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INSTRUMENTATION  PREVENTIVE  MAINTENANCE 
3 . Monthly  Maintenance 

a.  Calibrate  all  instruments,  including  recorders,  controllers, 
indicators,  transmitters,  and  pay  meters. 

b.  Clean  instruments. 

c.  Lubricate  the  instruments  if  recommended  by  the  vendor. 

d.  Repair  or  replace  worn  parts. 

e.  Check  instrument  air  filters  for  moisture  and  dirt.  Clean 
or  replace  elements  as  applicable. 

f.  Check  alarms  and  shutdown  settings  and  controls  (every  6 
months ) . 

g.  Lubricate  valve  hand-operators. 

h.  Stroke  and  calibrate  the  valves. 

B.  Maintenance  Guidelines 

1.  Pneumatic  Controls 

a.  Do  not  oil  pneumatic  control  units  since  oil  cam  become 
gummy,  collect  dirt,  and  foul  nozzles,  ports,  and  tubing. 

b.  Drain  drip  wells  and  moisture  traps  frequently  enough  to 
keep  water  out  of  the  lines. 

c.  Clean  restriction  screws,  needle  valves,  and  nozzles  with 
fine  wires. 

d.  Leak-test  the  piping  and  connections  with  soap  solutions. 


NOTE 

No  leaks  can  be  tolerated  between  the 
controller  -rnd  the  diaphragm  motor  valve. 
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e.  Inspect  the  control  units  for  dirt  and  corrosion  that  night 
cause  excessive  friction  in  the  linkage  system.  Clean  the 
unit 8 with  an  approved  solvent,  such  as  Methylene  Chloride. 
Use  a soft  pencil  brush  to  remove  dirt  that  remains  on  the 
unit. 


NOTE 

When  cleaning  the  units  with  solvent, 
wear  chemical  goggles  for  safety. 


2.  Differential  Pressure  Indicators  and  Transmitters 

Follow  the  pneumatic  control  guidelines,  above. 

3.  Electronic  Recorders 

a.  Inspect  and  clean  the  recorder  and  lubricate  its  bearings 
according  to  the  manufacturer's  specifications. 

b.  Lubricate  the  motor  bearings  with  a good  grade  of 
instrument  or  clock  oil.  There  are  usually  oil  holes  on 
the  bearings  to  be  lubricated.  Do  not  oil  in  excess. 

c.  Inspect  the  drive  cables  for  wear;  replace  worn  parts. 

d.  Clean  the  electrical  components  and  check  them  for 
tightness. 

e.  If  electronic  tubes  are  replaced,  readjust  the  amplifier 
gain  control. 

f.  Clean  the  slide  wires  with  a contact  sol -ent  or  a dry 
toothbrush. 

4.  Analyzers 

a.  Check  solenoids  or  valves  for  leakage. 


NOTE 

Use  a soap  solution  compatible  with  oxygen 
(for  example,  an  Ivory  soap  solution). 
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b.  Check  sampling  system  for  proper  operation  and  tightness. 

c.  Examine  analyzer  leads  and  terminals  for  tightness. 

d.  Check  sample  gas  rotameters  and  clean  If  necessary. 

e.  Check  calibration  gas  cylinders;  replace  cylinder  if 
pressure  is  50  psig  or  less. 

f.  Perform  maintenance  to  meet  manufacturer's  specifications. 

5.  Control  Valves  and  Positioners 

a.  Clean  components  until  they  are  free  of  oil  and  dirt. 

b.  Check  for  leaks.  The  smallest  leak  can  Interfere  with  a 
posit loner's  operation. 

c.  Clean  pilot,  ^alve. 

d.  Replace  defective  material  immediately.  Do  not  wait  for 
faulty  operation  to  make  repairs  mandatory. 

e.  Lubricate  the  force  lever  and  spring  lever  pivot  bearing. 

f.  Tighten  the  valve  packing  to  prevent  leaks. 

g.  Lubricate  valve  hand-operators. 

6.  Production  (Pay)  Meters 

a.  Calibrate  the  meters. 

b.  Check  and  calibrate  the  temperature  and  pressure 
compensatl on . 

c.  Check  and  calibrate  the  integrator. 

d.  Cheek  the  orifice  plate  approximately  once  a year  to  see 
that  it  lit  clean  and  the  edge  is  sharp. 

e.  Clean  the  orifice  run  if  there  is  dirt  and  foreign  material 
beh  nd  the’  orifice  plate. 
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SAFETY  VALVES  AND  rtUrt'UrtE  DISCS 

I.  WrtPOSE 

To  establish  a standard  procedure  that  will  (1)  familiarize  persons  who 
are  responsible  for  Operations  maintenance  with  the  ASM.  codes  and  APCI 
standards  that  pertain  to  safety  valves  and  rupture  discs;  (2)  set  forth 
a schedule  for  changing  or  testing  safety  valves;  (3)  spell  out  metrods 
for  testing;  (4)  provide  instructions  for  record  keeping;  and  (5)  impart 
general  information  that  is  useful  in  the  maintenance  of  safety  valves 
and  rupture  discs. 

II.  1(ES  POSSIBILITY 

The  Plant  Manager  and  Maintenance  Superintendent  are  responsible  for  com- 
pliance with  the  provisions  cf  this  procedure. 

III.  PHuCEDUKE 

A.  ASKE  Codes 

1.  Safety  valve  settings  may  not  exceed  the  maximum  allowable  working 
pressure  (MAWP)  of  the  vessel.  If  the  rapacity  is  supplied  by  more 
than  one  safety  or  reiiei  valve,  only  one  valve  need  be  set  to 
open  at  a pressure  net  exceeding  the  maximum  allowable  working 
pressure  of  the  vessel;  the  other  /alves  may  be  set  to  open  at  a 
higher  pressure,  but  dare  not  exceui  105  percent  of  the  MAWP. 

2.  Relieving  capacity  of  safety  valves  on  all  unfired  pressure  vessels 
other  than  unfirea  steam  boilers  snail  be  sufficient  to  prevent  a 
rise  of  pressure  in  the  vessel  of  more  than  10  percent  above  the 
allowable  working  pressure. 

3.  Where  an  additional  hazard  can  be  created  by  exposure  of  a pressui  a 
vessel  to  fire  or  unexpected  sources  of  external  heat  (for  example, 
vessels  used  to  store  liquefied  flammable  gases)  supplemental 
pressure-relieving  devices  shall  be  installed  to  protect  against 
excessive  pressure,  ouch  supplemental  pressure-relieving  devices 
shall  be  capable  of  preventing  the  pressure  from  rising  more  than 
20  percent  above  the  MAWP  of  the  vessel. 

4.  The  spring  in  a safety  valve  in  service  for  pressures  up  to  and 
including  250  psig  3hall  not  be  reset  for  any  pressure  higher  than 
10  percent  above  or  lower  than  lu  percent  below  that  for  whicli 
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the  valve  is  marked.  For  safety  valves  in  service  at  higher  pres- 
sures tv  -n  250  psi,  the  springs  shall  not  be  reset  for  any  pressure 
higher  than  5 percent  above  or  lower  than  5 percent  below  that  for 
which  the  safety  valve  is  marked.  If  a change  in  set  pressure  is 
made,  the  data  plate  must  be  restamped  or  replaced. 

5.  If  the  operating  conditions  of  a valve  are  changed  so  that  the 
valve  requires  another  spring,  rated  for  a different  pressure,  the 
relief  valve  setting  shall  be  adjusted  by  the  valve  manufacturer 
or  by  an  individual  certified  by  the  manufacturer.  The  valve  shall 
be  marked  by  either  cf  them  in  conformance  with  the  Unfired  Pressure 
Vessels  Code,  Section  VIII,  Par.  UG-129. 

6.  Pressure-relieving  devices  shall  be  constructed,  located,  and  in- 
stalled so  that  they  are  readily  accessible  for  inspection  and 
repair,  and  so  that  they  cannot  be  rendered  inoperative.  They 
shall  be  selected  on  the  basis  of  their  intended  service. 

7.  Kupture  discs  may  be  used  in  place  of  safety  valves  on  vessels 
containing  substances  that  may  render  a safety  valve  inoperative, 
where  a loss  of  valuable  material  by  leakage  should  be  avoided, 
or  where  contamination  of  the  atmosphere  by  noxious  gases  must  be 
avoided. 

8.  Each  safety  and  relief  valve  for  steam  and  air  service  shall  have 
a substantial  lifting  device  sc  that  the  disc  can  be  lifted  from 
its  seat  when  the  pressure  on  the  vessel  is  75  percent  of  that  at 
which  the  valve  is  set  to  blow. 

9.  Every  rupture  disc  shall  have  a specified  bursting  pressure  at  a 
specified  temperature,  shall  be  marked  with  a lot  number,  and 
3hall  be  guaranteed  by  its  manufacturer  to  burst  within  5 percent 
(plus  or  minus)  of  its  specified  bursting  pressure. 

10.  There  shall  be  no  intervening  stop  valves  between  the  vessel  and 
its  protective  device  or  devices,  or  between  the  protective  device 
or  devices  and  the  point  of  discharge,  except: 

a.  When  these  stop  valves  are  so  constructed  or  positively  con- 
trolled that  closing  all  of  them  at  once  will  not  reduce  the 
pressure-relieving  capacity  of  the  unaffected  relieving 
devices  below  that  required. 


. 3/69 


A «/  Cittmea/* 


CRYOGENIC  SYSTEMS  DIVISION 

PLANT  OPERATIONS  MANUAL 


StgTIQM  6.02 
fAOt  3 OF  _i 2_ 
DATI  12/8/69 


Supersedes  6/1V/67 

SAFETY  VALVES  AND  RUPTURE  DISCS 

b.  When  a vessel  in  which  pressure  can  be  generated  because  of 
service  conditions  has  a full-stop  valve  between  it  and  its 
pressure-relieving  device,  it  shall  only  be  used  for  inspection 
and  repair  purposes.  When  such  a stop  valve  is  provided,  it 
shall  be  arranged  to  be  locked  or  sealed  open,  and  it  shall 
not  be  closed  except  by  an  authorized  person,  who  shall  stay 
there  while  the  vessel  is  operating  with  the  valve  closed,  and 
who  shall  relock  or  reseal  the  step  valve  open  before  leaving 
the  station.  A gauge  that  indicates  pressure  in  the  vessel  or 
circuit  must  be  visible  to  the  man  in  attendance  while  the 
valve  is  closed.  The  man  in  attendance  must  be  familiar  with 
emergency  procedures  if  vessel  pressure  should  arise. 

11.  If  further  details  are  desired,  check  the  latest  edition  of  the  ASME 
Boiler  and  Pressure  Vessel  Code  for  Unfired  Pressure  Vessels,  Sec- 
tion VIII. 

B.  APCI  Design  Standards 

1.  Valves  for  service  temperatures  of  -20°F  and  lower  are  designated 
as  COLD  service.  Iron  and  cold  rolled  steel  parts  will  not  be 
permitted  in  this  service,  except  for  carbon  3teel  springs. 


2.  Recommended  materials  of  construction  for  various  services  are  tabu- 
lated below.  These  will  vary  with  the  manufacturer,  but  the  table 
is  useful  as  a guide  for  minimum  cost. 


Set  Pressure 

Temp..  °F 

Body 

Material 

Trim 

Material 

Spring 

Spring  Housing 

Material  Material 

Compression 

Screw 

Material 

To  250 # 

-20  to  +i*00 

Bronze 

Bronze 

Car.  Steel  Bronze 
Cad.  Plated 

Car.  Steel 

To  250# 

-20  to  -325 

11 

tl 

IS  II  II 

Stainless 

Steel 

250#  and  up 

-20  to  +400 

Carbon 

Steel 

Carbon 

Steel 

Car.  Steel  Car.  Steel  Car.  Steel 
Cad.  Plate 

250#  and  up 

-20  to  -325 

Stainless 

Steel 

Stainless 

Steel 

" " Stainless 

Steel 

Stainless 

Steel 
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3.  Valves  to  be  used  on  vibrating  installations  shall  have  all  parts 
that  are  subject  to  loosening  wire  sealed  or  pinned.  All  bolts, 
nuts,  and  caps  shall  be  wire  sealed.  Screwed-in  nozzles  shall  be 
pinned.  Lift  levers  shall  be  spring-loaded  to  elijninate  lever 
vibration.  (Materials  for  converting  to  spring-loaded  levers  can 
be  obtained  from  most  vendors  if  nameplate  data  is  supplied.) 

C.  Routine  Inspection  Requirement.-  and  Considerations 

1.  Safety  valves  and  rupture  discs  shall  be  checked  routinely  for  leak- 
age and,  if  necessary,  removed  and  repaired  or  replaced. 

2.  Seals  shall  be  examined  for  breakage  and  evidence  of  tampering. 

Seals  and/or  wires  which  appear  unlikely  to  last  another  year  can  be 
replaced  if  they  are  intact.  If  they  are  broke,  missing,  or  rusted 
through  to  the  point  where  it  would  be  possible  to  change  the  valve 
setting,  it  will  be  necessary  to  remove  and  test  the  valve,  and  to 
repair  or  replace  it.  Lead  seals,  if  used  with  brass  or  stainless 
steel  wire  will  minimize  this  type  of  maintenance. 

3.  Valves  must  have  a vendor  tag  or  suitable  replacement  with  the  set 
pressure  legible.  If  the  tag  has  deteriorated  to  the  point  where  it 
may  be  illegible  within  a year,  an  appropriate  tag  can  be  installed 
to  eliminate  the  possible  need  for  valve  work  the  following  year. 

If  the  tag  is  missing  or  illegible,  the  valve  must  be  removed  and 
tested  or  replaced. 

A.  Inspect  the  valve  for  general  condition.  Check  inside  the  discharge 
port  for  loose  or  missing  parts,  broken  springs,  excessive  corrosion, 
foreign  material  or  obstructions.  Repair,  test,  or  replace  the 
valve  or  parts  as  necessary.  Valves  with  discharge  ports  piped  to 
other  areas  or  to  a vent  system  shall  have  these  pipes  removed  for 
inspection.  Install  unions  or  flanges  next  to  the  valve,  if  nec- 
essary, for  convenience  in  making  this  annual  check.  When  the  unit 
is  operating,  inspections  of  discharge  ports  shall  be  made  by  using  | 
a light  and  mirror  to  prevent  injury  should  the  valve  blow  during 
the  inspection.  Keep  to  one  side  of  the  discharge  port.  To  avoid 
falls  or  serious  accidents  which  could  occur  due  to  normal  reaction 
should  a safety  valve  blow  while  the  inspection  is  being  made,  high- 
pressure  valves,  or  valves  at  high  elevations  that  make  it  necessary 
to  work  from  a ladder  shall  be  inspected  during  down  periods. 
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5.  All  valves  located  outdoors  and  not  under  a roof  shall  have  some 
protection  provided  for  their  internal  parts.  Valves  not  headered 
shall  have  a pipe  nipple  in  the  discharge  port  with  the  lower  por- 
tion of  the  end  cut  at  a 45-degree  angle  to  prevent  rain,  etc.  from 
entering.  A street  elbow  faced  downward  can  be  used  where  it  would 
not  present  a hazard  to  personnel  or  equipment.  Bonnet  vents  shall 
have  similar  protection.  Plastic  bags  may  be  used  to  cover  valves 
but  should  be  relatively  loose  so  that  condensate  will  not  accumulate 
inside  the  bag  and  on  the  valve. 

0.  Bonnet  vents  shall  not  be  plugged,  they  shall  be  protected  from 
inclement  weather  with  nipples  or  street  elbows  as  noted  in  5,  above. 
Bonnet  vents  on  valves  in  flammable  gas  service  shall  be  piped  to 
vent  stacks. 

D,  Test  or  Changeout  Frequency 

1.  ALL  SAFETY  VALVES.  HEGAiiDLESS  F SERVICE,  shall  have  an  annual, 
visual,  in-place  inspection  for  those  items  outlined  in  C above,  as 
applicable.  Replace  or  test  valves  as  necessary. 

2.  Air  Compressor  safety  valves  shall  have  one  of  the  following  checks 
biannual ly: 

a.  Safety  valves  set  at  125  psig  and  below  can  be  operated  with  the 
lever  after  inspection  to  ensure  that  they  sure  in  sound  condition. 

b.  Safety  valves  set  higher  than  125  psig  shall  be  removed  arid 
inspected  through  the  inlet  and  discharge  ports. 

Safety  valves  not  meeting  inspection  requirements  or  safety 
valves  of  doubtful  reliability  must  be  replaced  or  tested  and 
repaired. 

3 . Safety  Valves  which  are  icing  up  must  be  repaired  or  replaced  imm- 
ediately. If  icing  is  due  to  heat  leak,  rather  than  tc  leakage,  the 
insulation  or  piping  shall  be  repaired  or  revised  to  suit  the 
service. 

4.  Hydrogen  Reformers.  Steam  and  MEA  service  safety  valves  sha^.1  be 
removed  and  tested  or  replaced  annually.  All  other  safety  valves 
shall  be  tested  or  replaced  every  3 years. 


O' 
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5.  Hydrogen  Cylinder  Filling  Facilities.  All  safety  valves  shall  be 
tested  or  replaced  every  3 years. 

6.  Ammonia  Plants . All  safety  valves  shall  be  tested  or  replaced 
annually. 

7.  IUG  Plants.  Cold  box  safety  valves  shall  be  tested  or  replaced 
every  2 years.  All  other  safety  valves  shall  be  done  annually. 

6.  Acetylene  Plants.  All  safety  valves  shall  be  replaced  or  tested 
every  2 years. 

9.  New  ventures  into  processes  not  listed  above  will  require  yearly 
inspection  and  testing  or  replacement  of  safety  valves  until  a 
history  has  been  established  to  justify  any  change  in  frequencies. 
Plant  management  shall  compile  the  history  by  keeping  a log  of  mal- 
functions and  test  results  as  an  aid  to  establishing  the  frequencies. 

10.  A visual  inspection  of  all  rupture  discs  shall  be  made  annually  to 
ensure  that  the  vent  is  free  of  obstructions  and  that  the  disc  has 
proper  identification.  See  H.2f  below. 

E.  Logging  Safety  Valve  Operations  and  Changes 

1.  The  scheduled  period  for  testing  or  replacing  safety  valves  shall 
begin  when  the  valve  is  operated  and  is  known  to  be  within  limits, 
when  a new  or  reconditioned  safety  valve  is  installed,  or  when  the 
safety  valve  is  removed,  tested,  and  replaced. 

2.  A log  similar  to  Safety  Valve  Log,  Exhibit  A or  a logbook  shall  be 
made  for  all  safety  valves.  Logs  for  compressors,  separator,  and 
miscellaneous  safety  valves  shall  be  made  on  separate  sheets. 

3.  Logsheets  shall  be  kept  where  operators  and  maintenance  men  can  make 
their  entries  as  necessary. 

4.  A duplicate  master  logsheet  shall  be  kept  within  the  facility  office 
and  shall  be  brought  up  to  date  cnce  each  month. 


F.  Facility  Test  Equipment 

1.  All  facilities  (except  standard  nitrogen  plants)  shall  have  a te3t 
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stand  with  a pressure  capability  limited  by  the  available  test  fluid 
source.  A flow  diagram  and  suggested  bench  layout  are  shown  on 
Exhibit  D.  Various  options  for  the  test  fluid  source  are  included 
on  Exhibit  C.  Any  other  possible  test  fluids  shall  be  cleared  with 
the  Operations  Safety-Service  Manager.  It  is  intended  that  each 
plant  have  a minimum  testing  capability  equal  to  that  of  its  instru- 
ment air  pressure.  This  is  represented  as  Option  1 on  Exhibit  C, 
and  the  estimated  price  is  #500. 

2.  Safety  valve  sizes  to  be  tested  will  generally  be  limited  to  2"  KPT. 
Larger  size  safety  valves  shall  be  returned  to  the  vendor  or  to  out- 
side repair  facilities  capable  of  performing  this  work  (see  Section 
G).  A survey  indicates  that  90  percent  of  the  safety  valves  at  the 
average  facility  are  2-inch  safety  valves  or  smaller. 

3.  To  assist  in  economic  evaluation  and  practical  pressure  limitations 
the  following  statistics  are  outlined  for  the  average  facility: 

a.  Forty  percent  of  the  safety  valves  are  set  to  relieve  at  100  psig 
or  less. 

b.  Sixty-six  percent  of  the  safety  valves  are  set  to  relieve  at  2oo 
psig  or  less. 

c.  Twenty-seven  percent  of  the  safety  valves  are  set  to  relieve 
between  200  and  2000  psig. 

d.  Seventy-two  percent  cf  the  safety  valves  are  thermal  relief 
valves  (usually  LPT),  which  will  generally  require  very  little 
test  cr  repair  work. 

e.  Thirty-six  percent  cf  the  safety  valves  on  an  air  plant  must  be 
cleaned  for  oxygen  service. 

4.  On  Exhibit  C,  Options  l and  2,  the  drier-filters  shown  3hail  be 
refrigeration  type  drier-filters,  having  a flanged  cover  for  conven- 
ience in  replacing  the  silica  gel  cartridge.  They  are  manufactured 
by  the  Mueller  bras3  arid  Henry  Valve  companies . The  moisture  indi- 
cator is  also  a refrigeration  type  of  indicator  made  by  Sporlan. 

It  is  a color  change  indicator.  Spares  can  be  ordered  through  local 
refrigeration  supply  houses.  Drier  cases  can  be  purchased  in  various 
sizes  containing  up  to  three  cartridges.  The  upstream  drier-filter 
and  the  moisture  indicator  shall  be  changed  when  the  indicator 
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changes  color.  The  downstream  filter  cartridge,  used  as  a safety 
factor,  should  be  installed  in  the  upstream  case  after  the  indicator 
changes  color.  The  new  cartridge  should  be  put  in  the  downstream 
case.  If  a multiple  cartridge  unit  is  installed  upstream  and  a 
single  cartridge  unit  downstream,  the  downstream  cartridge  shall 
replace  the  cartridge  on  the  inlet  side  cf  the  upstream  case.  When 
installing  new  silica  gel  cartridges  be  sure  to  comply  with  the  flow 
direction  indicated  on  the  cartridge,  since  the  filter  is  built  into 
the  cartridge  outlet  side.  Although  a moisture  indicator  is  used, 
the  prime  purpose  here  is  to  keep  oil,  not  moisture,  from  getting 
into  the  test  equipment.  Moisture  reaching  the  indicator  informs 
the  operator  that  the  gel  is  saturated  and  that  it  would  be  possible 
to  get  oil  downstream  of  the  indicator. 

5.  Where  test  flows  may  require  limitations  (see  Exhibit  C,  Options  1 
and  5)  to  prevent  excess  "robbing"  of  process  or  product  fluids,  it 
may  be  advisable  to  install  an  orifice  on  the  test  bench  side  of  the 
shutoff  valve  to  prevent  problems  that  could  occur  if  the  shutoff 
valve  were  inadvertently  opened  wide. 

6.  A cleaning  tank  and  black  light  must  be  available  for  solvent  clean- 
ing and  inspecting  oxygen  service  valves.  The  area  must  be  suitably 
ventilated  and  free  of  oil  and  grease. 

7.  The  high-pressure  filter  shown  on  Exhibit  B can  be  the  standard 
filter,  used  downstream  of  APCI  high-pressure  pumping  operations. 

The  part  number  for  the  filter  case  is  52932C  (code  3-337-9V-0010) 
and  for  the  filter  element  24A6uA  (code  4-33 7-0 5-0002 ) . The  number 
for  spare  copper  gaskets  for  the  filter  case  is  33792A  (code  3-372- 
13-0015) . 

G.  Safety  Valve  Testing 

1.  Safety  valves  returned  to  approved  vendors  (Lonergan  and  Anderson, 
Greenwood)  need  not  be  source  inspected  provided  that  they  comply 
with  the  purchase  order  requirement  to  attach  a metal  tag  on  the 
sealing  system,  certifying  that  they  have  performed  the  retest  and 
indicating  the  date  of  the  retest  and  the  test  pressure. 

2.  If  safety  valves  are  tested  and  repaired  at  local  outside  repair 
facilities,  an  APCI  mar.  shall  be  called  in  for  final  checking  and 
approval.  The  sealing  system  on  the  safety  valve  sha1 1 have  a metal 
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tag  that  identifies  the  contractor  and  indicates  the  te3t  date  and 
test  pressure.  Before  any  repair  work  i3  assigned  to  an  outside 
repair  facility,  the  facility  3hall  be  inspected  by  a qualified 
person  selected  by  area  management,  to  ensure  that  the  repair  comp- 
any has  the  equipment  and  knowledge  to  perforn  the  work  satisfactor- 
ily. Requests  for  assistance  in  making  this  evaluation  shall  be 
directed  to  the  Safety-Service  Manager. 

3.  APCI  plant  personnel  assigned  to  safety  valve  testing  and  repair 
shall  be  qualified  or  trained  to  do  this  work.  Plant  or  office 
management  shall  determine  which  personnel  are  qualified.  If  assis- 
tance is  required,  contact  the  Operations  Safety-Service  Manager . 
Information  is  available  from  safety  valve  manufacturers  for  training 
on  specific  types  of  valves.  State  and  local  codes  and  insurance 
carrier  regulations  shall  be  checked  to  determine  if  they  contain 
specific  requirements  pertaining  to  safety  valves. 

A.  Each  safety  relief  valve  shall  be  set,  adjusted,  and  pop  tested  until 
three  successive  pop  tests  each  fulfill  the  set  pressure  tolerances 
set  forth  in  the  latest  edition  of  ASME  Code,  Section  VIII,  Unfired 
Pressure  Vessels,  plus  or  minus  2 psi  for  set  pressures  up  to  and 
including  70  psi,  and  plus  or  minus  3 percent  for  pressures  above 
70  psi. 

5.  A valve  shall  be  tested,  with  its  spindle  vertical,  on  a manifold 
maintained  for  this  purpose.  It  shall  then  be  resealed,  pack'ged, 
and  put  i~  .c  stock  or  placed  back  in  its  original  service. 

6.  Any  leakage  through  the  valve  body  is  cause  for  rejection. 

7.  Each  safety  valve  shall  be  tested  for  seat  leakage  following  comp- 
letion of  the  operational  test  (4,  above),  without  removing  the  valve 
from  the  test  stand.  The  test  is  as  fellows. 

a.  All  body  and  bonnet  openings  shall  be  blanked  off. 

b.  A tube  having  an  inside  diameter  not  larger  than  three-eighths  of 
an  inch  and  not  exceeding  24  inches  in  length  3hail  be  used  to 
detect  seat  leakage.  One  end  of  this  tube  3hall  be  connected 

to  the  discharge  side  of  the  body  (the  drain  port  can  be  used), 
and  the  other  end  shall  be  immersed  not  more  than  one-half  inch 
in  clean  water  iir  a transparent  container. 
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c.  Air  shall  be  applied  to  the  valve  inlet  and  maintained  throughout 
the  leakage  test  at  either  the  test  pressure  listed  in  the  Unit 
Specification  or  65  percent  of  the  set  pressure,  whichever  is 
higher.  Test  pressures  for  all  metal-to-metal  seat,  beveled- 
disc,  wing-guided  valves  shall  be  85  percent  of  set  pressure. 

For  wing-guided  valves  with  seat  seals  of  polymers,  such  as 
Teflon  or  Kel-F,  the  test  pressure  shall  be  90  percent  of  the  set 
pressure.  Valves  having  set  pressures  of  30  psig  or  lower  shall 
be  tested  for  leakage  at  3 psig  less  than  the  specified  set 
pressure  or  at  the  test  pressure  specified  in  the  Unit  Specifi- 
cation, whichever  value  is  higher. 

d.  Tne  maximum  allowable  leakage  shall  be  20  bubbles  in  2 minutes, 
beginning  when  the  first  bubble  is  sighted. 

8.  All  valves  and  test  fittings  shall  be  degreased  as  a unit  before 
they  are  installed  on  the  test  manifold.  This  is  to  maintain  clean- 
liness for  oxygen  service  valves.  Test  fittings  shall  be  kept  clean 
and  stored  accordingly. 

9.  The  test  source  in-line  filter  (see  Exhibit  B)  shall  be  inspected 
periodically  with  a black  light.  Test  facilities  which  use  dry  oil- 
free  nitrogen  as  the  test  fluid  shall  do  this  monthly.  Those  using 
air  must  do  it  before  each  batch  of  oxygen  service  safety  valves  are 
tested.  The  test  manifold  connection  shall  be  checked  with  a black 
light  before  testing  each  batch  of  oxygen  safety  valves.  If  the 
filter  is  contaminated,  a thorough  check  of  the  test  fluid  source 
must  be  made,  and  if  there  is  contamination  past  the  filter,  the 
entire  testing  manifold  must  be  solvent  cleaned. 

IX).  Oxygen  service  safety  valves  shall  be  tested  in  batches  for  better 

control  of  cleanliness  and  to  reduce  the  number  of  black  light  checks. 
Extra  care  shall  be  taken,  including  covering  the  test  bench  with 
clean  paper  or  plastic.  Oxygen  valves  shall  be  packaged  immediately 
after  a batch  has  been  tested  or  before  a snift  change. 

11.  Safety  valves  may  be  pop  tested  in  place  after  proper  attention  has 
been  paid  to  safety  and  process  considerations. 

H.  Rupture  Discs 

1.  The  higher  pressure  of  the  range  for  which  a disc  is  designed  to 
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rupture  may  not  exceed  the  maximum  allowable  working  pressure  of  the 
vessel. 

2.  All  rupture  discs  shr1!  have  a visible,  legible  manufacturer's  metal 
tag  attached,  indicating  the  manufacturer,  design  or  type  number 
and  lot  number,  size,  maximum  and  minimum  bursting  pressure  in  psig, 
coincident  disc  temperature  in  °F,  and  capacity  in  CFM  of  air  or 
applicable  fluid. 

I . General 

1.  Discharge  from  safety  valves  in  oxygen,  flammable  gas,  cold  liquid, 
and  inert  gas  service  must  be  vented  to  a safe  location  to  prevent 
fire  and  personnel  hazards. 


2.  Discharge  lines  from  all  safety  devices  shall  be  designed  to  facili- 
tate draining.  The  size  of  these  lines  shall  not  cause  a reduction 
in  relieving  capacity. 

3.  It  is  important  when  checking  valves,  to  make  sure  that  the  setting 
cannot  change  due  to  vibration  or  to  improper  wrenching  at  instal- 
lation, and  that  the  setting  cannot  be  changed  without  breaking  a 
seal.  On  many  types  of  valves,  screws  must  be  installed  to  lock 
and  seal  the  setting  mechanism. 

4.  A large  hexagon-shaped  valve  body  does  not  mean  that  the  valve  was 
designed  to  be  wrenched  on  that  surface.  A specially  sized  "safety 
grip"  is  always  provided  at  the  mounting  base.  Never  hold  a valve 
body  in  a vise. 

5.  Information  about  defects  on  valves  in  service  shall  be  sent  back 
to  the  Operations  Department  so  that  the  most  troublesome  valves 
can  eventually  be  eliminated. 


6. 
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Safety  valves  in  air  and  steam  service  shall  conform  to  the  A3ME 
recommendation  and  have  lifting  levers.  Air  service  shall  be 
defined  as  all  services  up  to  the  air  expansion  valve,  before  the 
high-pressure  column  or  up  to  the  exchanger  switch  valves  on  low- 
pressure  cycle  plants.  Lifting  levers  are  not  required  elsewhere, 
but  may  be  used  if  special  conditions  require  them,  or  if  their  use 
offers  some  advantage. 


\ 


7.  Thennal  reliefs  need  not  have  levers.  They  are  usually  associated 
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with  piping,  not  with  vessels,  and  are  therefore  not  subject  to  the 
ASME  code. 

8.  Generally,  safety  valves  shall  not  be  checked  by  lifting  the  levers. 
Weakened  valves  have  been  known  to  fly  apart  when  actuated.  Para- 
graph D.2,  above,  states  an  exception  to  this  general  rule. 

9.  When  lockout  valves  are  closed  to  isolate  relief  devices  for  their 
replacement,  a man  mu3t  be  stationed  at  the  lockout  valve  until  the 
replacement  is  complete.  Closing  a lockout  valve  associated  with  a 
relief  device  shall  be  authorized  only  by  the  plant  manager  or  his 
delegated  representative. 

10.  Information  pertaining  to  relief  valves  is  contained  in  the  Safety 
Standards  manual. 

a.  607.1.2.3  - Uxygen  Compressors  - page  5 

b.  607.1.12  - Air  Separation  Plants  - pages  11,  12,  and  13 

c.  610.1.2  - Air  Separation  Plant  Checklist  - page  3»  item  (d); 
page  5,  item  (r);  page  6,  items  (z)  and  (aa) 

d.  610.1.5  - Air  Separation  Plant  Checklist  - Page  11,  Items  17a 
and  17b,  Page  12,  Items  17d,  l?e,  17f,  17h 

e.  610.2.1  - Acetylene  Plant  Checklist  - Page  6 

11.  Safety  valves  for  use  in  piping  circuits  for  thermal  relief  or  for 
liquid,  where  piping  and  tubing  pressures  are  rated  higher  than  the 
overall  circuit,  can  have  considerably  lower  popping  pressures. 

12.  When  a replacement  safety  valve  with  a particular  set  pressure  is  not 
available,  a temporary  safety  valve  of  the  same  size  may  be  used, 
provided  the  set  pressure  of  the  valve  is  not  above  the  maximum 
circuit  safety  valve  setting.  The  valve  should  be  set  high  enough 
above  the  normal  working  pressure  of  the  circuit  to  keep  it  from 
blowing  during  operation. 

Example:  Reciprocating  pump  inlet  normally  operates  at  a maximum 

of  12  psig  and  has  a safety  valve  set  at  10U  psig.  If  a 
100-psig  valve  is  not  available,  a valve  with  a lower  set- 
ting (but  higher  than  15  psig)  can  be  used. 
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13.  Any  upgrading  of  relief  valves  or  rupture  discs  must  be  cleared 
through  the  Engineering  Department . If  the  upgrading  will  exceed 
the  MAWP  of  the  vessel,  it  will  require  Engineering  justification 
acknowledged  by  our  insurance  carriers,  and/or  state  approval 
(depending  on  plant  location)  before  any  change  is  made.  If  it  is 
merely  a change  that  does  not  exceed  the  MAWP,  Engineering  approval 
is  still  required,  and  the  plant  manager  must  advise  his  insurance 
inspector  of  the  change,  the  reason  for  it,  and  the  engineering 
basis . 

14.  New  safety  valves  shall  be  ordered  through  the  Spare  Parts  Depart- 
ment. Information  for  ordering  shall  include  vendor,  inlet  and 
discharge  size,  service  fluid,  type  of  lever,  and  relief  capacity. 

15.  State  or  local  codes  must  be  investigated  by  plant  managers.  Where 
they  exist,  they  shall  take  precedence  over  the  above  mentioned 
general  rules,  but  if  the  general  roles  are  more  stringent  than  the 
local  codes  and  will  still  meet  local  acceptance,  the  general  rules 
shall  be  observed.  Copies  of  the  local  codes  shall  be  sent  to  the 
Preventive  Maintenance  group  for  review  and  incorporation  into  the 
PM  program. 

16.  Polyethylene  bag  protection  is  recommended  for  safety  valves  exposed 
to  corrosive  atmospheres  and  severe  plant  or  atmospheric  elements. 

17.  Safety  valve  bonnet  vents  shall  not  be  plugged  to  prevent  rain  or 
dust  from  entering  the  bonnet  unless  the  valve  has  an  internal 
pressure  equalizing  arrangement  to  prevent  a pressure  buildup  on  the 
bonnet.  If  a pressure  buildup  occurs  with  this  type  of  valve,  the 
actual  relieving  pressure  will  be  equal  tc  this  gas  pressure  plus 
the  spring  pressure.  In  general,  most  valves  that  have  a female  pipe 
threaided  outlet  on  the  bonnet  are  not  internal  equalizing  and  shall 
not  be  plugged.  Street  elbows  or  a short  nipple  and  an  elbow,  facing 
downward,  shall  be  used  to  protect  the  bonnet  from  the  elements. 
Plastic  plugs,  provided  with  many  of  these  valves,  can  be  drilled 
from  the  bottom  to  provide  the  necessary  relief. 

18.  Ko  open  bonrets  are  permitted  or.  safety  valves  in  flammable  gas 
service. 

19.  Safety  valves  with  bcnnet  ver.ts  in  flammable  gars  service  shall  have 
the  bonnet  vents  piped  to  the  manifold  vent  system.  The  discharge 
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SAFETY  VALVES  AND  RUPTURE  DISCS 


port  of  these  valves  is  usually  piped  to  the  vent  system,  and  a piece 
of  pipe  or  tubing  need  only  be  run  from  that  bonnet  vent  to  the  dis- 
charge pipe  of  the  same  valve.  Exceptions  may  be  made  to  this  type 
of  bonnet  vent  piping  if  the  valves  are  outdoors  and  situated  so  that 
fires  in  the  area  would  not  be  a hazard  to  personnel  or  equipment. 
These  exceptions  are  to  be  approved  by  the  Operations  Safety-Service 
Manager,  the  Regional  Safety  Engineer,  or  a member  of  the  corporate 
Safety  Department. 

IV.  RELATED  PROCEDURES 
V.  RELATED  FORMS 

Safety  Valve  Log  (Exhibit  A) 

Flow  Diagram  and  Suggested  Bench  Layout  (Exhibit  B) 

SV  Test  Facility  Fluid  Source  Options  (Exhibit  C) 

6585  Source  Inspection  Tag  (Exhibit  D) 

3609  Valve  Repair  Tag  (Exhibit  E) 
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EXHIBIT  A 

SAFETY  VALVE  LOG 

Year Facility 

Plant,  Compressor  

indicate  the  month  when  the  valve  Operated  (0),  was  repaired  and  checked  (C), 
or  a reconditioned  one  was  installed  (B),  or  a new  valve  was  installed  (N). 
if  valve  was  operated,  intentionally  or  not,  indicate  pressure  in  same  space. 


Location  I Sett  ins  ban.  I Feb.  i-lar. 


June  I July | Auk • I Sept . ] Oct . 


FLOW  DIAGRAM  AND  SUGGESTED  BENCH  LAYOUT 


SECTION  6.02 
PAGE  16  OF  I1) 
DATE  12/8/69 
EXHIBIT  B 


SUGGESTED  BENCH  LAYOUT 
(Top  View) 

NUMBER  OF  GAUGES 
VARIES  WITH  RANGE 
OF  VALVES  TO  BE  TESTED. 
MOUNT  6'  6"  ABOVE  FLOOR 


LEVEL. 


TEST  

CONNECTION 


FOR  FLUID  SOURCE  OPTIONS  3,4,  and  5 ONLY  IEXHIBIT  C) 


FROM 
TEST  FLUID 
SOURCE 


A, 


5L? 


rCX^f1 


3/4" 


V4" 


-1X3- 


3/4 


PRESSURE  BUILDUP 
VALVES  1/4"  BYPASS 
FOR  FINER  CONTROL 


STANDARD  2400*“ 
CYLINDER  CAN  BE 
USED.  FOR  LOWER 
PRESSURES,  OTHER 
APPROVED  VESSELS 
ARE  SATISFACTORY. 


KEEP  LINE  FROM 
RESERVOIR  CYLINDER 
TO  TEST  CONNECTION 
AS  SHORT  AS 
PRACTICAL  TO  REDUC 
PRESSURE  DROP. 


FLOW  DIAGRAM  AND  LINE  SIZING 


SV  TEST  FACILITY  FLUID  SOURCE  OPTIONS 


SECTION  o.o: 
PAGE  17  OK  19 
DATE  12/8/69 
EXHIBIT  C 


TO  SV 

TEST  BENCH 


SHOP  TYPE  AIR 
COMPRESSOR  200  PSIG 


OPTION  2 

200  PSIG  LIMITATION 


PROCESS  AIR 


DUST  FILTER 


OPTION  3 

LIMITATION  - PLANT  AIR 
FEED  HEAD  PRESSURE 


?fhl  Hey  3/0  0 
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EXHIBIT  D 


P o * 

FTFM  NO. 

QUANTITY 

PACT  NO 

REF_ 

DESCRIPTION 

INSPECTION  WAIVER 

Further  inspection  of  this  material  at  the  vendor's  plant  is  waived.  This  waiver  does  not 
constitute  acceptance  of  the  material,  nor  does  it  relieve  the  vendor  of  responsibility  to 
furnish  material  in  accordance  with  the  purchase  order. 


(Signed). 

Perm  6585  5/69 


SOURCE  INSPECTOR 


DATE 


3CXJRCE  INSrfcCTICh  TAG 
(Green) 


Form  No.  6585 

Material  Code  No.  4-847-51-0034 


IHM3SJ0  2/6/  Rev.  3/60 
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PATE  1?/Q/^9 

EXHIBIT  E 


Supersedes  6/19/67 

~ 0 


VALVE  REPAIR  TAG 
RELIEF  VALVE 


0 

VALVE  REPAIR  TAG 
COMPRESSOR  VALVE 


Shipping  Date. 

Facility 

Port  No. 


Valve  No 

Set.  Press. 

LOX  Service — Yes. 
Remarks: 


Shipping  Date 

Facility 

Compressor  Mfg. 

Size 

Service 

Stage Inlet Disch. 

Mfg.  No. 

APQ  Code 


Inspection— Repair  Date:. 

By  Whom 

Setting 


LOX  Cleaned — Yes. 
Parts  Replaced 


Remarks:. 


Repair  Date:. 


By  Whom. 


Parts  Replaced. 


-No- 


Remarks:. 


FORM  No.  3609 


VALVE  REPAIR  TAG 


Form  No . 3&09 

Material  Code  No.  4-847-51-0033 
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PLANT  PREVENTIVE  MAINTENANCE  CONTROL 


1.  Purpose 

To  establish  a centrally  controlled  system  for  all  planned  maintenance  work, 
major  or  minor,  regardless  of  whether  the  plant  is  running  or  shut  down. 

2.  Scope 

The  Preventive  Maintenance  Control  System  schedules  plant  maintenance  work, 
forecasts  work  to  be  done  in  future  months,  accumulates  time  expended  and 
the  number  of  times  actions  such  as  cleaning,  filling,  lubricating,  over- 
hauling or  testing  are  performed,  informs  plant  maintenance  personnel  of 
work  not  done  and  reports  the  level  of  compliance  to  Operations  management. 
Maintenance  tasks  range  in  frequency  from  daily  shifts  to  several  years, 
depending  on  the  equipment  type,  its  loading  and  serviceability. 

3.  Definition 

Preventive  Maintenance  is  the  planned,  thorough  inspection,  lubrication, 
test  or  overhaul,  made  at  predetermined  scheduled  intervals  to  ensure 
optimum  onstream  factors  and  operating  profitability  of  all  production 
plants. 

1*.  Functional  Outline 


The  Preventive  Maintenance  control  system  provides  the  Operations  Depart- 
ment with  a simple  reporting  system  requiring  a minimum  of  clerical  work 
on  the  part  of  the  individual  plant  maintenance  personnel.  The  system 
also  provides  a daily , weekly  and  monthly  reminder  of  work  to  be  done 
and  work  overdue. 

A.  Scheduling 

There  are  two  separate  control  system-  in  operation.  The  IBM  36c 
computer  controls  tasks  having  a frequency  of  one  month  or  more, 
and  the  IBM  MTST  Magnetic  Tape  Typewriter  system  controls  daily  and 
weekly  tasks. 

The  360  computer  accurately  schedules  each  task,  based  on  the  date 
the  task  was  most  recently  performed,  and  the  frequency  associated 
with  the  task,  while  the  MTST  Magnetic  Tape  Typewriter  schedules 
daily  and  weekly  tasks. 

These  two  data  processing  rystems  provide  the  Operations  Department 
with  overall  administrative  control  of  the  schedules.  Since  the 
frequency  of  each  task  is  fixed  using  the  experience  gained  in  all 
of  APCI’s  plants  over  the  last  ten  years,  the  schedules  should  be 
adhered  to  as  closely  as  possible. 


APCI  DOCUMENT 
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4.  Functional  Outline  - (Continued) 

A.  Scheduling  - (Continued) 

Five  control  documents  reach  the  Plant  Manager  on  or  about  the 
beginning  of  the  month. 

1.  The  Preventive  Maintenance  Schedule  for  the  current  month. 

2.  The  Projected  Preventive  Maintenance  Schedule  for  the  two 

months  following  the  current  month. 

3.  The  current  month's  feedback  cards. 

4.  Daily  preventive  maintenance  checklist  cards  for  the  current 

month. 

5.  Weekly  preventive  maintenance  checklist  cards  for  the  current 

month . 

The  Projected  Preventive  Maintenance  Schedule  is  a projection  of  all 
maintenance  tasks  for  the  two  months  following  the  current  month,  and 
it  allows  the  planning  of  task  performance  in  case  an  emergency  shut- 
down occurs. 

The  feedback  cards  are  returned  at  the  end  of  every  month  to  the 
Operations  Department  arid  serve  as  information  carriers  which  report 
the  performance  and  state  of  each  task.  Daily  and  weekly  checklist 
cards  are  kept  on  file  at  the  operating  plant  for  future  reference 
and  are  periodically  audited  at  the  plant  by  Operations  management. 

B.  Evaluation 

The  reporting  of  preventive  maintenance  tasks  which  are  performed  on 
time,  performed  late,  or  remain  in  a deferred  state  allows  an  accurate 
evaluation  of  performance.  The  percent  compliance  to  the  schedule  for 
each  plant  is  separated  into  "normal"  and  "downtime"  categories.  This 
permits  the  separate  evaluation  of  that  portion  of  the  schedule  which 
is  controllable  by  the  Diant  manager  with  the  plant  running  and  that 
portion  of  the  schedule  which  can  only  be  accomplished  when  the  plant 
is  shut  down. 

C.  Accumulation  of  Historical  Information 

Information  which  is  reported  via  the  feedback  cards  is  accumulated 
and  provides  the  "experience”  from  which  preventive  maintenance  control 
is  improved  upon.  The  magnetic  tape  memories  in  the  computer  provide 
a complete  range  of  master  file  summaries  ranging  from  statistical 
analyses  by  plant,  by  equipment  number,  or  by  plant  and  equipment  number. 


In  order  to  inform  plant  managers  of  overdue  work,  a monthly  Addenda 
Schedule  to  the  current  month  is  printed  at  the  same  time  as  the  per- 
formance report  for  the  preceeding  month.  Plant  managers  may  there- 
fore expect  to  receive  the  following  during  any  one  month: 
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1*.  Functional  Outline  - (Continued) 

D.  Timing  - (Continued) 

At  the  beginning  of  the  month: 

1.  The  computer  generated  Preventive  Maintenance  Schedule,  together 
with  the  associated  set  of  feedback  cards  for  the  current  month. 

2.  The  Projected  Preventive  Maintenance  Schedule  for  the  two  following 
months . 

3.  The  Daily  and  Weekly  checklist  cards  for  the  month. 

In  the  middle  of  the  month: 

1.  The  performance  report  for  the  preceeding  month. 

2.  The  current  month's  Addenda  Schedule  shoving  work  overdue,  and  an 
associated  set  of  feedback  cards. 

5«  PM  System  Details 


A.  PM  Manual 


The  PM  manual  is  prepared  by  maintenance  engineers  listing  the  specific 
maintenance  tasks  for  each  equipment  item  at  the  operating  plants.  The 
manufacturer's  recommendations  and  APCI's  own  experience  are  considered 
in  determining  the  extent  of  coverage  for  maintenance  procedures  and 
frequency . 

Differentiation  between  running  maintenance  and  shutdown  maintenance 
is  also  made . As  operating  requirements  change , these  procedures  are 
improved  and  updated  and  revised  pages  are  issued  to  keep  the  manual 
current.  A PM  manual.  Exhibit  A-l,  is  issued  for  each  plant  for  all 
tasks  and  contains  the  following  information: 

1.  Under  "EQUIPMENT  FAME,  SECTION  & SUBSECTION  NUMBER  and  TASK"  is 
listed  the  type  of  equipment  being  serviced  by  the  task  and  a 
sequence  number.  An  example  of  this  sequence  number  is  given 
below  with  an  explanation: 

Number  01.20.31.10.0 

a.  The  first  four  digits,  01.20  represents  the  equipment  number 
on  flowsheet,  and  in  this  instance  is  an  Oxygen  Compressor. 

b.  The  fifth  digit  represents  the  plant  number  at  the  facility. 

c.  The  sixtn  digit  represents  the  craft  responsible  for  the  task. 

1 - Mechanical 

2 - Insturments 

3 - Electrical 
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5-  PM  System  Details  - (Continued) 

A.  PM  Manual  - (Continued) 

d.  The  seventh  and  eighth  digits,  listed  under  "TASK"  are 
sequential  numbers  assigned  to  each  preventive  maintenance 
task. 

e.  The  ninth  digit  provides  means  for  adding  tasks  between 
existing  tasks  in  the  sequence. 

2.  Under  "MAINTENANCE  TASK  DESCRIPTION",  is  listed  the  description  of 
each  preventive  maintenance  task. 

3.  Under  "FREQUENCY"  is  listed  the  interval  of  time  between  successive 
scheduled  preventive  maintenance  tasks. 

U.  Under  ’TYPE",  is  listed  the  indicator  representing  the  type  of  task 
as  follows: 

0 - Norma]  Task 

1 - Downtime  Task 

2 - Downtime  Safety  Valve  Task 

3 - Normal  Safety  Valve  Task 


B.  PM  Schedule 


The  computerized  PM  coutrol  system  is  in  effect  for  all  tasks  with  a 
frequency  of  one  month  up  to  several  years.  Daily  and  weekly  tasks 
are  scheduled  by  the  IBM  MTST  Magnetic  Tape  Typewriter,  Exhibit 
A-2. 


The  PM  Schedule,  Exhibit  A-3,  and  the  associated  set  of  feedback  cards 
are  recieved  by  plant  managers  at  the  beginning  of  each  month,  and 
cover  the  PM  tasks  due  to  be  performed  in  the  current  month.  Also, 
included  is  an  advance  schedule  of  projected  tasks  for  the  two  months 
following  the  current  month,  and  the  daily  and  weekly  checklist  cards 
with  the  scheduled  tasks  printed  on  them. 

Copies  of  the  PM  Schedule  sure  sent  to  the  following: 

1.  Regional  Manager 

2.  Plant  Manager 

3.  Manager  of  Maintenance  Engineering 
U.  Preventive  Maintenance  Coordinator 

Feedback,  Daily,  and  Weekly  checklist  cards  are  sent  to  plant  managers 
only. 

The  PM  Schedule,  issued  at  the  beginning  of  the  month,  contains  a listing 
of  all  preventive  maintenance  work,  of  frequency  one  month  or  more, 
scheduled  for  the  particular  plant  for  the  month  indicated  and  contains 
the  following  specific  information. 
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5.  PM  System  Details  - (Continued) 

B.  PM  Schedule  - (Continued) 

1.  The  facility  code,  plant  n’lmber,  location  and  product.  For  example, 
FL-3  SPARROWS  POINT,  MD.  - 900  T/D  02-N2-ARG0N. 

2.  Under  "EQUIPMENT  NO. /TASK"  is  the  identification  number  which  is 
identical  to  that  listed  under  "EQUIPMENT  NUMBER,  SECTION  & SUB- 
SECTION NUMBER  And  TASK"  in  the  PM  manual  for  each  olant. 

3.  The  information  listed  under  "DESCRIPTION"  contains  a description  of 
the  equipment  to  be  worked  on,  what  the  detailed  preventive  mainte- 
nance task  is,  and  which  craft  is  responsible  for  the  maintenance. 

4.  Under  "FREQ"  is  listed  the  frequency  of  the  task  in  months. 

5.  Under  "IND"  is  listed  the  notation  "NRM"  for  a normal  task,  "DWT" 
for  a task  requiring  a plant  shutdown,  "NSV"  for  a normal  safety 
valve  task,  and  "DSV"  for  a downtime  safety  valve  task. 

The  Projected  PM  Schedule  contains  the  information  outlined  above  in 

paragraphs  1.  through  5.  and  a column  headed  "MONTH".  Under  "MONTH" 

is  listed  the  future  scheduled  date  of  each  task. 

C.  Feedback  Cards , Exhibit  A- 4 

There  are  three  different  feedback  cards,  and  although  similar  in 

appearance,  each  is  colored  differently  - 


Manila  - Normal  Feedback  Card 
Red  - Downtime  Feedback  Card 
Green  - Safety  Valve  Feedback  Card 

The  feedback  cards  are  made  up  of  sections , some  preprinted  and  some 
blank.  They  ariive  at  the  operating  plant  with  the  following  sections 
preprinted  with  the  following  specific  information: 


SECTION  NAME 


INFORMATION 


EQUIPMENT 


- Contains  a description  of  the  equipment  on  which 
the  task  is  to  be  performed. 


OVERDUE  SINCE  - If  the  task  is  overdue,  the  date  on  which  the  task 

was  originally  scheduled  is  recorded  in  this  section. 

DATE  SCHEDULED  - Contains  the  month  in  which  the  task  is  scheduled 

to  be  performed. 


FREQUENCY  - Contains  the  frequency  of  the  task  in  months. 

CARD  - Contains  the  card  number  serially  numbered  starting 

with  0001  for  each  set  of  feedback  cards  for  a facility 
and  plant . The  letter  "A"  preceeds  the  number  on 
"Addenda"  feedback  cards. 
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5.  PM  System  Details  - (Continued) 

C.  Feedback  Cards , Exhibit  A-U  - (Continued) 


SECTION  NAME 
MAINTENANCE  TASK 

TYPE 


FAC-PLT 


EQUIPMENT  NO. 
TASK  NO. 


INFORMATION 


- Contains  the  complete  description  of  the  preventive 
maintenance  task  sis  given  in  the  PM  manual. 

- Contains  in  indicator  "NRM"  representing  a "normal" 
tsisk  (a  '.s-'  that  can  be  performed  while  the  plant 
is  running;,  an  indicator  "DWT"  representing  a 
"downtime"  task  (a  task  that  can  only  be  performed 
during  a plant  shutdown),  an  indicator  "NSV"  or 
"DSV"  representing  a safety  valve  task  (a  task, 
either  normsil  or  downtime,  that  involves  repairs 
to  a safety  valve.) 

- Contains  the  facility  location  number  and  the  plant 
number.  For  example  - Plant  No.  3 at  Sparrows  Point 
would  be  identified  as  FL-3. 

- These  sections  list  the  sequence  number,  which  is 
identical  to  the  number  found  in  the  PM  manual 
under  "EQUIPMENT  NAME,  SECTION  & SUBSECTION  NUMBER 
and  TASK". 


The  following  sections  are  to  be  filled  in  on  conroletion  of  each 
preventive  maintenance  task  by  plant  maintenance  personnel. 


DATE  - The  date  when  the  task  was  completed  (Month/Day/ 

Year ) . The  month  must  be  marked  in  blocks  19  and 
20,  the  day  in  21  and  22,  and  the  year  in  23  and 
2h. 


EXPENDED  TIME 
ACTION  TAKEN 

HISTORY  RECORD 
CARD  NOTED 

REASON  DEFERRED 


- The  time  taken  in  the  execution  of  the  task.  Hours 
must  be  marked  in  blocks  25  to  28,  and  minutes  in 
the  blocks  29  and  30. 

- Blocks  U3  to  59  and  6l  to  65  contain  preprinted 
descriptions  of  actions  taken  as  a result  of  the 
inspection.  Maintenance  personnel  are  to  mark  an 
"X"  in  the  appropriate  blocks. 

- If  the  History  Record  Card  at  the  plant  ha3  been 
noted  with  details  found  during  preventive  mainte- 
nmce,  an  "X"  is  to  be  placed  :in  block  60. 

- Blocks  70-79  contain  printed  descriptions  of  reasons 
why  a task  is  deferred.  If  a task  is  deferred, 
me.intenance  personne'  must  insert  an  "X"  in  the 
appropriate  block,  indicating  the  reason  deferred, 
if  a downtime  task  is  rescheduled,  an  "X"  must  be 
placed  in  block  75,  and  the  rescheduled  date  must 

be  put  in  the  section  marked  "DATE". 

- 6 - 
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5.  PM  System  Details  - (Continued) 

C.  feedback  Cards , Exhibit  A-U  - (Continued) 


A 


SECTION  NAME 


INFORMATION 


REMARKS  - Any  pertinent  comments  concerning  what  was  found 

when  the  preventive  maintenance  task  was  performed 
should  be  put  in  the  remarks  section.  Use  of  this 
remarks  section  is  encouraged  as  useful  feedback 
information  is  accumulated  for  future  reference. 


TASK  PERFORMED  BY  - This  section  is  provided  for  the  signature  of 

maintenance  personnel  performing  the  task. 

AUTHORIZED  SIGNATURE  - This  section  is  provided  for  the  signature  of  the 

plant  manager  or  his  designee. 


By  the  last  day  of  each  month , all  feedback  cards , appropriately  marked , 
must  be  returned,  via  first  class  mail,  to  APCI,  Allentown,  Pennsylvania, 
for  the  attention  of  R.  Caligiuri  for  processing.  If  the  preventive 
maintenance  task  was  not  done  in  the  month  scheduled,  the  feedback  card 
must  be  marked  with  the  reason  deferred  and  returned. 


Feedback  cards  describing  a task  performed  must  contain  the  following 
information: 


1.  The  date  performed,  blocks  19  to  2h. 

2.  The  expended  time  in  hours  and  minutes,  blocks  25  to  30. 

3.  Actions  taken,  blocks  U3  to  65. 

In  order  to  facilitate  keypunching  and  computer  processing,  all  data 
written  on  the  feedback  card  must  be  block  printed,  and  only  one 
character  in  each  space.  The  "ACTION  TAKEN”  or  "REASON  DEFERRED" 
options  must  be  designated  with  a large  "X"  marked  in  the  block  to 
the  left  of  the  desired  description. 

Feedback  cards  pertaining  to  normal  tasks  deferred  must  include  the 
reasons  deferred,  bloc-.s  70  to  lh.  The  space  provided  under  MATERIAL 
USED/REMARKS  mav  be  used  to  supplement  reasons  for  deferment. 

Analyse  tasks  with  the  idea  of  deleting  the  non-appli cable  tasks  from 
the  system  and,  changing  the  frequency  to  increase  the  time  span 
between  occurences  based  on  operating  experience.  When  several  tasks 
are  performed  on  a single  machine  and  not  scheduled  in  the  same  month, 
plant  managers  are  requested  to  submit  recommendations  for  the  con- 
solidation of  such  tasks. 


Downtime  tasks  that  cannot  be  performed  during  the  initial  month 
scheduled,  due  to  a legitimate  inability  to  obtain  a plant  shutdown, 
may  be  rescheduled  for  the  next  anticipated  plant  shutdown  by  in 
serting  an  "X"  in  block  75  RESCHEDULED  under  REASON  DEFERRED,  ami 
entering  the  anticipated  future  shutdown  date  in  blocks  19  and  20 


\ 
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5.  PM  System  Details  - (Continued) 

C.  Feedback  Cards , Exhibit  k-b  - (Continued) 

for  the  month,  and  22  and  23  for  the  year.  The  card  will  then  be 
returned  to  the  facility  at  the  beginning  of  the  rescheduled  month. 
Feedback  cards  pertaining  to  downtime  tasks  deferred  must  include 
the  reasons  deferred,  blocks  76  to  79 • 

When  requesting  the  deletion  of  a task,  insert  an  "X"  in  block  80 
and  explain  the  reason  for  the  deletion  in  the  MATERIAL  USED/REMARKS 
section. 

D.  Projected  Maintenance 

A Schedule  of  Projected  Preventive  Maintenance  is  issued  with  the 
Preventive  Maintenance  Schedule  at  the  beginning  of  the  month  for 
each  plant  at  each  facility  for  the  two  months  following  the  current 
month.  This  advance  schedule  enables  the  plant  manager  to  deploy 
his  maintenance  personnel  more  effectively  and  to  take  advantage  of 
a plant  shutdown  to  perform  tasks  not  scheduled  for  the  current  month. 

E.  Preventive  Maintenance  Performance  Report 

The  Preventive  Maintenance  Performance  Report,  Exhibit  A-5,  covers 
tasks  which  nave  a frequency  of  one  month  or  more.  The  Daily  and 
Weekly  checklist  cards  are  evaluated  for  performance  compliance, 
cost  effectiveness  and  profit  contribution  by  the  plant  manager 
and  periodic  audits  by  persons  from  the  Central  Operations  office 
and  are  not  part  of  the  computerized  reporting  system. 

The  Preventive  Maintenance  Performance  Report  is  issued  on  or  about 
the  15th  of  the  month  after  the  feedback  cards  for  the  previous  month 
are  received  and  processed.  The  report  shows  the  tasks  which  a.e 
performed  on  time,  performed  late,  are  rescheduled  or  remain  in  a 
deferred  state.  For  tasks  completed,  the  action  taken  is  given  and 
for  tasks  deferred,  the  reason  for  deferral.  All  tasks  with  a 
frequency  of  more  than  one  month  which  were  previous'/  deferred,  will 
show  the  original  date  scheduled,  whether  or  not  they  were  completed 
during  the  month  being  evaluated. 

The  date  completed  and  any  additional  remarks  are  listed  under  the 
column  COMPLETED  and  the  time,  in  hours,  expended  on  the  task  is  found 
xnder  HOURS. 

The  Preventive  Maintenance  Performance  Recap,  Exhibit  A-5,  for  each 
plant  contains  a total  of  the  number  of  tasks  scheduled,  rescheduled 
and  completed,  the  percentage  compliance,  and  the  time  in  hours  for 
normal  and  downtime  tasks.  The  number  of  tasks  under  "SCHEDULED"  in- 
cludes all  tasks  normally  scheduled  plus  all  tasks  previously  deferred 
and  included  in  the  Addenda  Schedule  f >r  the  month  being  reported. 

The  number  of  tasks  under  "COMPLETED"  includes  only  those  tasks  scheduled 
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5.  PM  System  Details  - (Continued) 

E.  Preventive  Maintenance  Performance  Report  - (C~ntinued_). 

and  completed  in  the  month  being  reported.  Minutes  recorded  on  the 
feedback  card  are  converted  to  hundredths  of  an  hour  on  the  report. 

F . Preventive  Maintenance  Schedule  - Addenda 

All  tasks  of  frequency  of  more  than  one  month  which  are  deferred  will 
not  appear  on  the  Preventive  Maintenance  Schedule  in  succeeding  months. 
However,  they  will  appear  on  the  Preventive  Maintenance  Schedule 
Adaendr  which  is  issued  on  or  around  the  15th  of  the  month.  The  Addenda 
Schedule  contains  all  tasks  remaining  in  a deferred  state,  except  for 
those  downtime  tasks  rescheduled  by  use  of  block  T5  in  the  feedback  card. 
Addenda  feedback  cards  are  issued  for  each  task  on  the  Addenda  Schedule, 
and  must  be  sent  back  by  the  end  of  the  month  received.  Addenda  feed- 
back cards  have  card  numbers  preceeded  by  the  letter  "A". 

6.  Summary 

A chronological  summary  of  each  month's  event?,  follows: 

A.  At  the  beginning  of  the  month: 

1.  Preventive  Maintenance  Schedule  for  the  current  montn  is  issued 
for  each  plant  at  each  facility. 

2.  An  associated  set  of  feedback  cards  for  the  current  month. 

3.  Daily  and  weekly  checklist  cards  for  the.-  current  month. 

4.  The  Projected  Preventive  Maintenance  Schedule. 

B.  On  or  about  the  15th  of  the  month: 

1.  The  Preventive  Maintenance  Report  for  the  previous  month. 

2.  The  Addenda  Schedule  of  all  previously  deferred  tasks,  if  any. 

3.  An  associated  set  of  Addenda  feedback  cards. 

C.  By  the  last  day  of  the  month: 

1.  The  feedback  cards  issued  at  the  beginning  and  the  middle  of  the 
montn  are  returned  to  the  Central  Operations  office  for  processing. 

2.  The  Daily  and  weekly  checklist  c ’•ds  are  made  part  of  the  plant 
records. 
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PREVENTIVE  MAINTENANCE  MANUAL  MCE  . H Of  1 SI 

FACILITY  COOE  O PLANT  NO 2 EQUIPMENT  SECTION  W.1  01.20.31 


PUCE Sr.r'Pws  Pnint  TYPE  Pxvrrn-Mirorcn-Argon  EQUIPMENT  OxvA<n  Compressor 

- Mechanical 


EQUIPMENT 
NAME, SECTION 
l SUBSECTION 
NUMBER 

TASK 

— 

MAINTENANCE  TASK  DESCRIPTION 

FREQUENCE 

w 

► 

MAN 

HRS. 

REQ 

“TT5! 

'5  xj 

5 2 zj  AS 

S»S  INDICATED 

01.20.31 

Oxygen 

Compressor 

(Mechanical) 

09.0 

Check  cooling  water  system  for  leaks  and  repair 
all  possible  leaks. 

X 

0 

10.0 

Inspect  foundation  and  grout  for  cracks.  Repair 
and  seal  paint  defects  In  grout.  Inspect 
equipment  for  corrosion  protection  and  touch-up 
paint  requirements.  Test  run  auxiliary  oil  pump. 

X 

_ 

0 

12.0 

Check  foundation  bolts  for  tightness.  Take 
lubricating  oil  sample.  Change  oil  only  If 
analysis  warrants.  Clean  reservoir  at  oil  change. 

6 Months 

0 

1S.0 

Hot  check  coupling  alignment  between  motor  and 
speed  increaser.  Inspect  coupling  for  wear  and 
relubiicate.  Check  coupling  alignment  between 
speed  lncrcaser  and  1st  compressor  c-ae  and  between 
1st  and  2nd  compressor  cases.  (See  vendor's  manual 
for  tolerances).  Inspect  gears  in  speed  increaser 
for  wear  and  tooth  contact. 

J 

12  Months 

1 

17.0 

Inspect  and  take  journal  bearing  clearances  and 
record  (.004"  to  .^065").  Check  and  record  thrust 
bearings  clearance  '.015"  to  .027").  Inspect  shaft 
seals  for  wear  and  for  oil  and  desiccant 
contamination.  Pay  particular  attention  to  all 
components  for  wear. 

| 

! 

I 

1 

3 Month* 

1 

1 

20.0 

Inspect  waterside  of  oil  cooler  for  fouling. 

~ 

1 

1 

1 

12  Months 

1 

1 

a.o 

Complete  compressor  dlsassor1 *y.  Inspection  and 
overhaul.  Inspect  condition  of  thrust  and  radial  ; 
bearings,  labyrinths,  seals,  and  diaphragms. 

Hagnaf lux  rotors  and  check  balance.  See  vendors 
manual  rot  dismantling  and  reassembly  procedures. 

Ins  m*  speed  increaser  bearings  f?r  wear  and 
record  clearances.  | 

1 

i 

12  Months 

! 

1 

1 

i 

1 

1 

1 

1 

L 

! 

l 

1 1 

I -OOANTIMC  TASK  > neouldcs  PLANT  SmuTOOVwN 

7 . OOyynTime  SAPtTV  vAtve  J 
» . NO*-  MAC  $Af  ETV  VA|.V' 


EXHIBIT  A-l 


i*s*NO  04.0 

WItttV 

(Test  run  auxiliary  lube  oil  punp.  Chock  no  tor 
bearing  tenporatur*  by  fool . Check  for  unusual  not* 
tr  vibration.  -V  „ 

/-  \ -I 

“***»  05.0 

wmTMJUMEMNCt 

jChock  notor  bearing  oil  rings  for  rotation. 

1 

* v c 

• , — — 

March  70  FL-3  01.20.31  Oxygon  Compressor 


USX  no  08.0  WtEKiT  «WUK*lN*NCi 

k condo  a to  traps  on  Intercoolers,  after*  W 

coolors  and  aftarcoolar  separator  for  proper 
operation.  Chock  condonsato  tor  discoloration.  E 


us»  NO  Q9  0 WfcfJAV  smuNKmanCS 

hock  cool  Irg  water  $ vs tea  for  leaks  and  repair  all  w 
osslble  looks* 
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OPERATIONS  DEPARTMENT 


pftMNnVE  MAINTENANCE  WfCtLY  CMlOQJSf 


EXHIBIT  A-2 


& 


REPRODUCIBILITY  OF  THE  ORIGINAL  COPY'S  POOR, 


PREVENTIVE  MAINTENANCE  SCHEDULE 


Ft-3  SPARROWS  POINT * PO. 

I/O  02-N2-ARGGH 


o 

PREVENTIVE  MAINTENANCE  SCHEDULE 
MAR  1*70 


EQUIP  NO TASK __ 

ci.io.n  . 

two* 


. J " DESCRIPTION^ * ,J 

KA|N  AIR  COMPRESSOR  - MECHANICAL 

-0  VIOLATION  READINGS  ON  all  COMPRESSOR  ano 
Ko  «Tt  •<  i *wS» 


_FP£Qj 

01 


PAGE 

_ 1N0^__ 

NAM 


tC- 

rn 


01*10.32  PAIN  A«r 


INSTRUMENTS 


20.0  INSPECT  VldKAIlON  HOtMliwiiNw  LQJiP*-  ' 10  ENSURE 

PROPER  CREMATION  OF  VlbRATlCN  CCUCUCN  EQUIPMENT* 

enter  in  remarks*  any  inoplma&le  condition. 


01.20.  31. 


OXYGEN  COMPRESSOR  - MECHANICAL. 


,01r  NRM . 


lo*o  inspect  foundation  ano  grout  fop  cracks*  repair 

AND  SEAL  PA |:*1  DEFECTS  IN  GROUl.  INSPECT 


‘ ’ equipment  for  ccrrosicn  protection  iko  touch-up*- — 

Paint  RrOUlKeM^NTS.  TEST  RUN  AUXILIAhY  etc  PUMP. 


vl. 20.31 


OXYGEN  COMPRESSOR  - MECHANICAL 


U 0*T 


'*  ^“15.0'  HOT  CHECK  COUPLING' ALIGNMENT  BETWEEN  KOTOR  AN) 

* '*  SPEEO  1NCPEAS1R.  INSPeCI  COUPLING  f Ok  WEAR  AMI 

..  w * Rtit’dAiCAjE.  check  coupling  alignmim  ahmEcn 

*’  *'"*'“  * *W  SPELD  InCRcAScR  ANO  1ST  CGMPKESSum  CASE  ANO 
BETWEEN  1ST  ANO  2 NO  COMPRESSOR  CASES.  (SEE 


D 

rr? 

i_£m 

IN 

01.2C.31 


17.0 


OKTCEN  COMPRESSOR  - MECHANICAL  _ . _ . 

INSPECT  ANO  TAKE  JOURNAL  BEARING  CLEARANCES  ANO 
RECGKO  (.00*.  IN  TO  .CQfeS  INI.  t*  L.LK  ANO  kECORO.. 

Thrust  beaming  clearance  t.ois  in  to  .0221. 

INSPECT  SHAFT  SEALS  EGA  WEAR  ANO  FOR  OIL  ANO 
DESICCANT  Contamination,  pay  particular  ATTENTION 
TO  ALL  COMPONENTS  FOR  WEAR. 


03  DttT 
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i 
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EXHIBIT  A- 3 


FEEDBACK  CARDS 


Alii  HR.  f.iiy.iU 


INSPECT  V (MCA!  ION  mCMTuk|\G  FOJ'.PNfNT  TO  tNSJkC 
PftOPfa  .)*»I«<A1  liVi  Of  V l NATION  OETTcritN  lwUIPmENT. 
tMFR  IN  KtHA^KS,  ANY  iNOPERAntf  CONUlUON. 


I r.i»*  s \-*ri  l 

ik€  I I L-3 


__V c n 


'ityo*i  piumoi; 


MAllftlAl  USfb.'tCMABKS 


OPERATIONIS  DfcP  ^RTK^fT 

PRfVfcNTlV*  V'INUN-  NCR  RlKJifl 


MA  K \r»**vCt  UU 

INSPECT  FOUNDATION  AND  GROUT  FOR  CRACKS*  REPAIR^ 

.U\r>  seal  paint  defects  in  g*out.  inspect 

f tOUlPHEM  FOR  CORROSION  PROTECTION  AND  TOUCH-UP 
{PAINT  RECUIREKENTS.  TEST  RUN  AUXILIARY  OIL  PUHP*«^ 


MAT t RIAL  OSLO  Rf** ASKS 


!■■■—■  wwmam 


M Midi  .1  01**4] 


OXYGEN  OCMPRlSSOR  - PECHAN'fCAL 

TV*  « dUNCt  UU 

OT  CHECK  COUPLING  ALIGNMENT  BETWEEN  MOTOR  AMO 
SPEEO  INCREASER.  INSPECT  COUPl ING  FOR  WEAR  ANO 
* RE LUBRICATE.  CHECK  COUPLING  AUGMENT  BETWEEN 
S SPEED  INCREASER  AND  1ST  CO'^RESSOR  CASE  ANO 
I TE TWEEN  1ST  AND  2N0  COMPRESSOR  CASE.  (SEE 
i!  VENDORS  MANUAL  FOR  TOLERANCES).  INSPECT  GEARS  IN 
'l SPEED  INCREASER  FOR  WEAR  ANO  TOOTH  CONTACT. 


MATERIAL  US£D  kf  MARKS 


19  sen  (JPUL'-Sl 


OXYGEN  COMPRESSOR  - MECHANICAL  


J IaS< 

(inspect  and  take  journal  bearing  clearances  and 

RECORD  C .004  IN  TO  .0065  IN) . CHECK  ANO  RECORD 
JThRuST  BEARING  CLEARANCE  (.015  IN  TO  .022). 

1 inspect  shaft  seals  for  wear  and  for  oil  ano 
[DESICCANT  CONTAMINATION,  pat  particular  attention 
$!to  all  components  for  wear. 
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PM  PERFORMANCE  REPORT  AND  RECAP 


Ft-3  SPARAOAS  P*llNT,  *0.  PREVENTIVE  MAINTENANCE 

90C  I/O  Q?-N>- ARGUN 

EO  NO/ TASK  DESCRIPTION 

PERFORMANCE  RtPCRI  MAR  1970  PACE 

FREQ  SCHEOULCD  INO  COMPLETED 

319 

FOURS 

01. ID. 32 

MAIN  AU  COMPRESSOR  - INSTRUMENTS 

20.0 

INSPfCT  VHUUTIGN  MONITORING  EOUIPH|riT  TO  FKSt*E 
PROPER  OPCKAIION  CF  VIBRATION  DETECTION  FOUIPkENT 
ENTER  IN  REMARKS.  ANY  INOPERABLE  CONDITION. 

01 

MAR  1 9 TO* 
ACTION  TAKEN- 
CmCCKFD 
INSPECTED 

tested 

NAM 

03/23/17 

.30 

• 

* ’ 

total  HOURS  01. 

10 

2.25 

01.20. 31 

OXYGEN  COMPRESSOR  - MECHANICAL 

-* 

10.0 

inspect  foundation  and  grout  for  cracks,  repair 

AND  SEAL  paint  DEFECTS  IN  C^nuT.  INSPECT 
EQUIPMENT  f CR  CORROSION  PROTECTION  AND  TC*XN-UP 
PAINT  RTOUIPEMENTS.  TEST  RUN  AUXILIARY  OIL  PU«P. 

^ 01 

MAR  1970 
ACTION  TAKE*- 

CiICKEO 

INSPCCTEO 

TESTEO 

NRM 

03/23/70 

.42 

01.20.31 

OXVGFN  COMPRESSOR  - MECHANICAL 

15.0 

HUT  CHECK  COUPLING  ALI&NKCKT  BETmUn  MOTOR  AND 
..  SPEEO  INC  LEASER.  INSPLCI  COUPLING  FOR  WEAR  AND 
RELU3MICAH.  CHECK  COUPLING  ALIGNMENT  BETWEEN 
SPEfO  ISC t-'EA St  R AND  1ST  COMPRESSOR  CASE  AND 
BETWEEN  1ST  AND  ?no  COMPRESSOR  CASES.  (SEE 
■"*  VENDORS  MANUAL  FOR  TOLERAKCLS).  INSPECT  GEARS  IN 
SPEEO  INtACASCR  FOR  HEAR  AND  TOOTH  CONTACT. 

. 12 

MAR  1970 
AC  TICK  TAKEN— 
CHECKED 
CLEANED 
INSPECTED 
RECORDED 

DVT  12/14/49 

AENAAKS- 
ITEMS  1(2 

40.00 

DEFERRED 

01.20.31 

OXYGEN  COMPRESSOR  - MECHANICAL 

-V  — 

Sw.-..*  — 

— 

*7.0  . 

_ INSPECT  ANO  TAKE  JOURNAL  BEARING  CLEARANCES  AND 
RECORD  1.5*4  IN  TO  .0C6S  IN).  CHECK  AND  ACCORD 
THRUST  BLARING  CLEARANCE  (.MS  IK  TO  .022). 

. . INSPECT  SHAFT  SEALS  FOR  HEAR  AND  FOR  OIL  AND 

OESICC** T CONTAMINATION,  pay  particular  attention 
TO  ALL  COMPONENTS  FOR  HEAR. 

03 

MAR  1970 
ACTinN  TAKEN- 

CHCCKtD 

CLEANLO 

INSPECTED 

overhauled 

RCCOROEO 

OUT 

12/14/49 

ISO .00 

Q . ' O ■ 



- 

O 

FLO  SPARRCtS  FOIST.  O.  PREVENTIVE  MAINTENANCE  PERFORMANCE  RECAP 

900  1/ti  0?-N2  AKG^£ME0Ult0  resCMEOULEO  TO  BE  COHPL  COMPLETED  PCT  COMPLIANCE  TjMtlHRSI 

NO^AL  TASKS  *7  37  37  100.01  28.B* 

OOwnTIpT  TASKS  * 41  * 29  12  12  100. Of  323.33 

DOWNTIME  SAFETY  VALVE  118  __  _ __  ,.Uf  ...  t,  ,M  *00 

normal  Safety  valve  3 3 *w  *'00 

TOTAL  193^"*  29*~~  170  49  332.17 


o 
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CRYOGENIC  SYSTEMS  DIVISION 

PLANT  OPERATIONS  MANUAL 


SECTION 

Hfl*  1 OF 1 * * * *  6 

date-3/VT0_ 


Supersedes  10/30/68 

SAFETY  REPORTS  AND  PORKS 


I.  PURPOSE 

TO  establish  a standard  procedure  for  using  and  submitting  of  the  reports 
and  faros  necessary  for  Operations  and  Safety  Department  supervisors  to 
perform  their  safety  functions  properly. 


n.  RESPONSIBILITY 

Regional  and  Plant  Managers  are  responsible  for  compliance  Kith  the  pro- 
visions of  this  procedure  as  applicable.  Responsibility  for  completing 
and  distributing  individual  forms  is  indicated  in  the  form  descriptions 
that  follow. 


III.  PROCEDURE 

A.  First  Aid  Report  (Form  2019 » Exhibit  A). 

1.  Description.  This  form  is  filled  out  by  the  Assistant  Plant 
Manager  (shift  supervisor  or  foreman)  and  submitted  to  the 
Plant  Manager  for  all  incidents  requiring  first  aid.  The  Plant 
Manager  uses  these  forms  when  he  prepares  the  Monthly  Summary 
of  Injuries  (Form  2021,  Exhibit  E)  for  the  Safety  Department. 

2.  Distribution.  These  forms  are  kept  in  the  facility  file;  a log 
book  may  be  kept  instead  of  the  forms.  Contrary  to  the  direction 
given  in  Safety  Standard  625.0.1,  it  is  NOT  necessary  to  send 

a copy  to  the  Safety  Department. 

B.  First  Report  of  Accident  (Form  LC*2850,  Exhibit  B,  is  a sample  form 
and  is  for  use  in  Pennsylvania  only.  Refer  to  Insurance  Manual  for 
Hartford  Accident  and  Indemnity  Company  listing  of  District  Offices, 
and  for  listing  of  State  Agencies  where  applicable  forms  may  be 
obtained). 

1.  Description.  The  First  Report  of  Accident  is  to  be  used  for  any 

injury  requiring  medical  attention  more  extensive  than  first  aid. 

It  is  to  be  filled  out  fay  the  Assistant  Plant  Manager  (shift 

supervisor  or  foreman)  and  submitted  to  the  Plant  Manager. 

NOTE 

The  Hartford  Accident  and  Indemnity  Company 
must  also  be  notified  by  telephone  immediately 
after  the  accident. 
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CRYOGENIC  SYSTEMS  DIVISION 

PLANT  OPERATIONS  MANUAL 


SECTION  5.18 
FA©eJL_OF  _A 

DATE -J/  3/70, 


Supersedes  10/ 30/68 

SAFER  REPORTS  AND  FORMS 

2.  Distribution: 

a.  Facility  file 

b.  Safety  Department 

c.  Personnel  Department 

d.  Treasurer's  Department  (insurance  Section) 

e.  Vice  President  of  Operations 

f.  Hartford  Accident  and  Indemnity  Company  local  office. 

g.  State  Workmen's  Compensation  Agency,  if  required. 

C.  Supervisor  Accident  Investigation  Report  (Form  2020,  Exhibit  C). 

1.  Description.  This  report  is  used  for  every  accident  or  injury 
involving  lost  time  or  unusual  circumstances.  It  is  filled  out 
by  the  Plant  Assistant  Manager  (Shift  supervisor  or  foreman)  and 
submitted  to  the  Plant  Manager. 

2.  Distribution: 


a.  "acility  file 

b.  Safety  Department 

c.  Vice  President  of  Operations 

d.  Operations  Safety-Service  Manager. 

D.  Near  Accidents,  Unsafe  Practices  or  Conditions  (Form  2023,  Exhibit  D). 

1.  Description.  This  form  is  filled  out  after  every  potentially 
serious  incident  and  whenever  an  unsafe  practice  or  condition  is 
discovered.  This  form  is  instrumental  in  preventing  accidents 

at  all  plants  where  there  may  be  similar  processes,  equipment  etc.  It 
is  filled  out  by  the  Assistant  Plant  Manager  (shift  supervisor 
or  foreman)  and  submitted  to  the  Plant  Manager. 

2.  Distribution: 

a.  Facility  file 
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CRYOGENIC  SYSTEMS  DIVISION 

PLANT  OPERATIONS  MANUAL 


SECTION 
FAOE_2 OF  _6 


DATE 


3/3/70 


Supersedes  10/30/68 


SAFETY  REPORTS  AND  FORMS 


b.  Safety  Department 

c.  Operations  Safety-Service  Manager 

E*  Monthly  Sumnary  of  Injuries  (Form  2021,  Exhibit  E). 

1.  Description.  Each  Plant  Manager  sends  a summary  of  injuires  at  his 
plant  each  month  to  the  Safety  Department,  t&ich  compiles  the 
results  and  distributes  them  to  Operations  Management  for  review* 

If  the  results  indicate  that  injuries  have  become  considerably 
more  frequent  or  more  severe,  management  will  initiate  new 
preventive  measures. 

2*  Distribution: 

a*  Facility  file 

b.  W.  L.  Ball  - Safety  Department  (by  the  10th  of  the  following 
month)* 

F*  Monthly  Plant  Safety  Survey  (Form  2032,  Exhibit  F)* 

1*  Description.  This  form  is  a general  guide  to  be  used  by  the  Plant 
Manager  during  his  monthly  safety  inspection.  The  Plant  Manager 
can  make  the  form  more  extensive  or  more  specific  for  the  special 
needs  of  his  own  plant. 

2.  Distribution.  Facility  file  only,  unless  Operations  Management 
advises  otherwise. 

G.  Minutes  of  the  Safety  Meeting  (Form  2030,  Exhibit  G). 

X.  Description.  Minutes  are  prepared  by  the  Plant  Manager  on 
this  form  after  every  safety  meeting;  meetings  are  held  at 
every  plant  at  least  once  a month. 

2*  Distrioution: 

a*  Facility  file 

b*  Operations  Safety  Engineers  - Southern  area  facilities 

managed  out  of  New  Orleans  shall  forward  them  to  A*  L*  Hatley 
in  New  Orleans*  All  others  shall  send  them  to  E.  Sheasby  in 
Creighton  (by  the  10th  of  the  following  month). 
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H.  Monthly  Report  of  Contamination  Testing  (Form  2033*  Exhibit  H). 

1.  Description.  This  form  is  completed  at  each  air  plant  facility 
at  the  end  of  each  month.  The  Operations  Safety-Service  manager, 

H.  Master,  will  maintain  historical  records  and  compare  them  with 
past  reports.  Plant  management  and  operators  should  always  be 
watching  for  abnormal  conditions  and  shall  investigate  the  causes 
of  such  conditions.  Results  of  these  investigations  shall  be 
noted  on  the  back  of  the  form.  If  investigations  are  not  reported 
on  the  form,  the  Operations  Safety-Service  Manager  will  investigate 
after  his  review.  Other  points  pertaining  to  this  report  are 
as  follows: 

a.  Indications  of  acetylene,  besides  being  stated  in  the  report, 
also  require  immediate  investigation  and  action.  Notification 
by  telephone  shall  be  made  to  the  Regional  and  Operations 
offices  as  soon  as  it  is  practical. 

b.  When  high  box  atmospher-.  (over  21  percent  oxygen)  is  recorded 
on  the  form,  the  action  taken  or  intended  shall  be  described 
on  the  back  of  the  form. 

c.  Total  hydrocarbons  "Required"  (points  1 and  2)  .mist  be 
reported  each  month.  Depending  on  the  process,  oome  plants 
will  only  have  one  of  the^e  points.  Normally,  one  of  the 
"Required"  points  will  be  constantly  monitored.  When  both 
points  are  on  one  plant,  the  constant  monitor  shall  be  on 
the  rebriler  sump  or  its  equivalent. 

u.  "Required"  or  "Optional"  points  that  are  not  on  constant 
monitor  shall  be  checked  and  logged  once  per  shift  when 
requested.  The  average  shall  be  calculated  at  the  end  of 
th(  month.  The  average  maximum,  and  minimum  figures  shall 
be  includ'  d in  the  v nort. 


FORM  3530  2 '67  R*v.  3/69 


7t M&tft  «/  CUmu-a/t 


CRYOGENIC  SYSTEMS  DIVISION 

PLANT  OPERATIONS  MANUAL 


SECTION  5.18 
FAGEit—  OF  6 

OATI 3^3/70 


Supersedes  10/ 30/68 


SAFETY  REPORTS  AND  FORKS 


e.  Check  oi'  ‘Optional"  points  usually  will  not  be  required 
continuously.  However y these  checks  oust  be  oade  if  such  data 
would  be  helpful  in  solving  a problem  or  if  the  information  is 
requested  by  the  Regional.  Operations,  or  Safety  office.  All 
new  plants  shall  check  and  report  on  all  optional  points  for 
wETch  taps  have  been  provided  for  one  year  after plant  startup 
so  that  an  operating  history  of  the  plant  and  of  that  particular 
process  can  be  compiled.  Assuming  that  results  are  satisfactory, 
this  practice  shall  be  discontinued  after  one  year.  Air-to- 
column  points  shall  be  checked  once  each  shift,  then  logged  and 
reported  opposite  "Optional"  point  5 on  the  fora,  as  described 
in  ctep  d.  Tests  upstream  and  downstream  of  hydrocarbon  or 
guard  adsorbers  shall  be  made  Just  prior  to  switching  cylinders. 
For  purposes  of  comparison,  the  downstream  test  shall  be  taken 
as  soon  as  practical  after  the  upstream  test. 

f.  Further  details  on  this  report  and  the  contaminant  test  are 
given  in  Safety  Standard  610.1.5*  pages  12  and  13.  and  in  the 
pocket-sized  Operations  Safety  Manual,  cages  38-40. 

2.  Distribution. 

a.  H.  H.  Master  (by  the  10th  of  the  following  month) 


IT.  RELATED  PROCEDURES 

1.06. Air  Plant  Rw boiler  Safety 

1.06.01.  Air  Separation  Plant  Reboiler  Safety  - Nitrogen  Plants. 
5*16.  Industrial  Safety  Policy.  Plant  Operations  Manual. 

5*21.  Accident  Reporting.  Plant  Operations  Manual. 

610. 1„5»  Safety  Standard 
625.0.1.  Safety  Standard 
Operations  Safety  Manual,  pp.  38-40. 

Insurance  Manual 
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‘ V.  RELATED  FORMS 

201?,  First  Aid  Report  (Exhibit  A) 

2020,  Supervisor  Accident  Ivestigation  Report  (Exhibit  C) 

2021,  Monthly  Sunmary  of  Injuries  (Exhibit  E) 

2023,  Near  Accidents,  Unsafe  Practices  or  Conditions  (Exhibit  D) 
2Q30,  Minutes  of  Safety  Meeting  (Exhibit  G) 

2032,  Monthly  Plant  Safety  Survey  (Exhibit  F) 

2033,  Monthly  Report  of  Contaminant  Testing  (Exhibit  H) 

LC-2680,  First  Report  of  Accident  (Exhibit  B) 


1 
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EXHIBIT  A 


Case  No.  Pate 

First  Aid  Report 

Department 

Name  Clock  No. Plant 

Male  Q Female  Q Occupation Foreman 

a.m.  Date  of  a.m. 

Date  of  Injury Time p.m.  First  Treatment Time p.m. 

Nature  of  Injury 


Sent:  Back  lr  Work  Q Doctor  Q Home  Q Hospital  Q 

Estimated  Disability days.  Name  of  Witness 

Injured's  Description  of  Accident 


Air  Products,  Inc. 
Form  2019 


Signed 

First  Aid  Mas  or  Nurse 


{Use  reverse  side  for  additional  information J 


/ 


Form  LIBC  344 

COMMONWEALTH  OF  PENNSYLVANIA 
DEPARTMENT  OF  LABOR  AND  INDUSTRY 
BUREAU  OF  WORKMEN'S  COMPENSATION 
HARR18BURG,  PA. 


EMPLOYER’S  REPORT 
OF  INDUSTRIAL  INJURY 


CASS  NUMBER 


5.18 

EXHIBIT 


INSTRUCTIONS 

Reports  of  Industrial  injuries  must  be  filed  with  the  Department  of  Labor  and  Industry  within  48  hours  for  every 
injury  resulting  In  death,  and  within  15  days  after  the  date  of  injury  for  all  other  Injuries  covered  by  the  Workmen’s 
Compensation  Act,  except  those  resulting  in  disability  continuing  lees  than  the  day.  shift  or  turn  in  which  the  injury 
was  received.  Every  question  must  be  answered  fully.  Copy  of  this  report  must  be  sent  to  your  insurance  carrier. 


EMPLOYING  CONCERN 

(1)  Nome 


(Give  name  under  which  concern  does  business) 


Employer  or 
Carrier*  File  No.. 


U)  Office  address:  No.  and  Street 

(3)  Nature  of  business 

(4)  Place  where  accident  occurred  . 

(6)  Date  t * accident  

(9)  Date  disability  began 


injured  employee 

(11)  Name  

(First  Name) 

(12)  Address:  No.  and  Street 


. . County...  . 


03)  Age 


Date  of  Birth . 


(City  and  Count/) 

(7)  Hour: A.  M. 


(Middle  Initial)  (Last  Name) 

. City  

. (14)  If  under  18.  did  you  have  on  file  an  employment  Certificate? ... 


(Ust  principal  products  or  services  of  the  concern) 
(5)  On  Employers  premise*.. . . 


(Ye*  or  No) 


P.  M.  (8)  Hour  injured  began  working  . 


. (10)  Wa*  injured  paid  in  full  for  the  day? 


(15)  Number  of  Certificate  . 

(17)  Check  (/)  Married  Single.. 

(19)  Occupation  

(21)  Number  of  hour*  worked  per  day  . 
(23)  Wage*:  Per  Hour  8 


(Ye*  or  No) 


(Soc.  Sec.  No.) 


(Yea  or  No) 


(16)  Occupation  for  which  issued 


Hale Female  ....  U.  S.  Citisen  ..  (18)  No.  children  under  18  yrs. 

(20)  How  long  employed  at  occupation  at  which  injured. 

.. . . (22)  Number  of  day*  worked  per  week 

. Per  Day  $ . . Per  Week  8 Board  or  Lodging.. 


S OF  ACCIDENT 

U4)  What  was  employee  doing  when  the  aeddent  occurred.. 


(Describe  briefly  as  loading  truck;  operating  a drill  press;  shoveling  dirt; 


painting  with  spray  gun  etc.) 

(25)  What  machine,  tool,  substance  or  object  was  most  closely  connected  with  the  accident 


IDO  NOT  WRJ  TE  I 
THIS  COLUMN 


EMPLOYER  NC 


INDUSTRY 


HOURS  WORKI 


CONJ.CONDITK 
AND  SEX 


iAPIft'w  Nf* 


OCCVPatic 


TIME  EMPLVi 


ACCIDENT  TY 


UNSAFE  ACT 


(Name  the  machine,  tool,  appliance,  gas,  liQuiA  etc.  involved) 


(26)  If  machine  or  vehicle,  what  part  of  it. 

(27)  How  did  the  accident  happen  . . 


(State  if  gears.  puUey,  motor,  etc.) 


(Describe  the  accident  fully,  stating  whether  injured  person  fell  or  was  struck,  etc.  and  all  factor* 
contributing  to  the  accident.  Use  other  side  for  additional  space.) 


MECH.  DEFZr 


PERSON.  DEFE 


(28)  Was  the  machine,  t.ol  or  object  defective  li  any  way? 


(29)  If  so.  hew?.. 


LOCATION 


(30)  Could  the  accident  have  been  prevented?  .. 


..  (31)  How? 


(Specify  by  illuminating,  ventilating,  replacing. 


‘ providing  goggles,  etc.) 

(32)  Were  mechanical  guards  or  other  necessary  safeguards  (such  as  goggles)  provided 

(3^/  Wa*  injured  using  them?..  


NATURE  and  location  of  injury  or  occupational  disease 


Describe  It  detail  the  nature  of  the  injury  or  occupational  disease,  and  the  part  ot  the  body  affected.  Foi  Example,  amputation  of  right  arm.  crushing] 


injuiy  to  chest,  affected  respiratory  tract,  skin  infection,  etc.) 
35)  Attending  physician  and  hospital 


(Name  and  sddress) 
(37)  If  so.  give  date  


36)  Has  employee  returned  to  work? . ...  (37)  If  so,  give  date  

i39)  Did  injury  result  in  death?  (40)  If  *o(  give  date.  . 

• I ) Did  the  employee  have  the  loss  or  loss  of  use  of  any  member  before  accident? 


(38)  At  what  weekly  wage?.. 


INSURANCE 

(42)  Name  of  workmen’s  compensation  insurance  carrier  and  branch  office  .. 


(If  so,  describe  the  port  of  the  body  affected) 


HARTFORD  ACCIDENT  AND  INDEMNITY  COMPANY 
7 PENN  CENTER  PLAZA,  PHILADELPHIA  PENN.  14183 


REPORT  LA 


INSURANC1 


DISABILITY 


PAYMENT  L. 


TIME  LOST 


WEEKS  D, 


(4J)  Date  of  this  report 


Form  1 C-2850  4th  Rev,  Printed  in  U S A.  3-  58 


. . Made  out  by 
Official  position  ... 
(See  Instructions  on  other  aide) 
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EXHIBIT  C 

Office  Use 


and  Chmica/i 

me 

Non  •Disabling 

Supervisor  Accident  Investigation  Report  Disabling  (lost -time) 

Name  of  Injured Clock  No, Dale  of  Injury 

\ge Length  of  Service:  With  Company on  Present  Job 


□ 

□ 


Occupation 

Nature  of  Injury 


Description  of  Accident 

(Thin  information  is  for  use  in  preventing  similar  accidents.  Answer  questions  specifically,  . s indicated 
by  example.) 


I,  ^ hat  Job  U as  Employee  Doing  Including  Tools*  (Example:  Lifting  a heavy  catling  onto  a four  wheel  truck,) 
Machine  and  Materials  Used? 


2.  How  Was  Employee  Injured  ? (Example:  The  easting  dipped  from  hi#  grasp  and  fell  on  his  toes.) 


3.  ^ hat  l>i<i  Employee  llo  Unsafely?  (Example:  Tried  io  lift  too  heavy  load.) 


i.  What  Was  Defective,  In  Unsafe  Condition,  or  Wrong  with  Method?  (E\amr><  hould  ha*~  had  help.) 


5.  What  Safeguards  Should  Re  Used?  (Example:  Vicar  Safety  Shorn.) 


6.  What  Steps  WV*-e  Taken  to  Prevent  Similar  Injuries?  (Example:  Instructed  men  to  assist  each  other  in  lifting 

lieu%>  loads.) 


7.  What  Other  Steps  Should  Re  Taken  to  Present  a Itceurrenre?  Example:  IWhle  mechanical  handling 

e«|oipment  for  this  work.) 


Signed 

Department. 
Plant 


(Over) 
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FORM  NO.  2020 
(Revtrtt  SIR) 

For  Office  Use  Only 

(Enter  as  Facts  become  available) 


ft.  lYmporar}  Total  [j 
Started  losing  time 
Kcturncd  to  work 

Time  charge  


9.  4 .<iin|tcn*alion  $ 


Permanent  Partial  □ Death  or  Permanent  Total  G 

Part  of  Body Time  charge 

Per  cent  loss  or 

loss  of  use 

Time  charge 

Medical  $ Other  $ 


/ 


NEAR  ACCIDENTS 

UNSAFE  PRACTICES  OP.  CONDITIONS 
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EXHIBIT  D 


*COPY  TO:  Safety  Department  - Trexlertown 


DATE 


PLANT DEPARTMENT 

PERSON  SUBMITTING  REPORT  

WHERE  THE  ACCIDENT  OR  UNSAFE  PRACTICE  OCCURRED  


DESCRIPTION  OF  THE  EVENT  OR  CONDITION 


SUGGESTION  FOR  CORifcCTION 


\ 


ACTION  TAKEN  FOR  CORRECTION 


> ^Copies  should  be  directed  to  the  Safety  Department  and  also  to  the  manager  of  the  department 
originating  the  report. 

. Form  2023 


mmiOUmuaA 


EXHIBIT  E 


MONTHLT  SOWARY  OF  INJURY 


To:  W.  L.  Ball,  Safety  Director 
Trexlertown 


Location 


ilJIlAi 


Hours  Worked 

First  Aid 

Doctors 

Lost  Tims 

Days 

This  Month 

Cases 

Cases 

Cases 

Lost 

List  all  lost  tine  cases  below: 


Date  of 


No.  of  Days 


on  of  Accident 


This  form  must  be  completed 
and  forwarded  to  the  Safety 
Department  in  Trexlertown 
by  the  10th  day  of  the  month 
following  the  end  of  the  month 
belnr  reported. 


a w 


/ 
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EXHIBIT  F 


MONTHLY  PLANT  SAPKTY  SURVBY  Date 


LOCATION 

INSPECTOR 

Steel  Members  (beams,  columns) 

Yes 

No 

Cranes,  Hoists 

Yes 

No 

overloading 

□ 

□ 

overloading 

□ 

□ 

deflection 

□ 

□ 

deterioration 

□ 

□ 

rivets  in  good  condition 

□ 

□ 

controls  function  properly 

□ 

□ 

welds  in  good  condition 

□ 

□ 

electrical  safeguards 

□ 

□ 

condition  of  cables  good 

□ 

□ 

Concrete  Members  (floors,  beams, 

condition  of  pins  good 

□ 

□ 

columns) 

condition  of  hooks  good 

□ 

□ 

overloading 

□ 

□ 

rail  end  stops  provided 

□ 

□ 

cracks 

□ 

□ 

foot  walks,  ladders,  safety 

spalling 

appliances  good 

□ 

□ 

Wood  Members  (joists,  beams, 

Ventilation 

columns) 

spray  booths  good 

□ 

□ 

overloading 

□ 

□ 

dip  tanks  good 

□ 

□ 

deflection 

□ 

□ 

degreasers  good 

□ 

□ 

cracks 

□ 

□ 

metal  hardening  good 

□ 

□ 

rot 

□ 

□ 

solvent  handling  good 

□ 

□ 

Masonry  Walls 

Elevators 

settlement 

□ 

□ 

operating  mechanism  good 

□ 

□ 

cracks 

□ 

□ 

cables  good 

□ 

□ 

loose  coping 

□ 

□ 

machinery  good 

□ 

□ 

overloading 

□ 

□ 

Flooring 

any  shear  hazard 

□ 

□ 

holes 

□ 

□ 

worn  surfaces 

□ 

□ 

Electrical 

slippery  surfaces 

□ 

0 

transformers  good 

□ 

□ 

openings  guarded 

□ 

□ 

switchboards  good 

□ 

□ 

wiring  good 

□ 

□ 

Roofs 

outlets  good 

□ 

□ 

good  anchorage 

□ 

□ 

protective  grounds  checked 

□ 

□ 

leakage 

□ 

□ 

extension  cords  good 

□ 

□ 

good  condition 

□ 

□ 

portable  lights  good 

□ 

□ 

loose  material  on  roofs 

□ 

□ 

sufficient  outlets 

O 

□ 

good  drainage  and  open  drains 

□ 

□ 

fuse  boxes  locked 

□ 

□ 

fuses  good 

□ 

□ 

Stairways 

tread  and  risers  good 

□ 

□ 

Sprinklers 

hand  rails  good 

□ 

□ 

air  pressure  (dry  system) 

well- lighted 

□ 

□ 

correct 

□ 

□ 

fire  enclosures  and  doors  work 

water  pressure  correct 

properly 

□ 

□ 

all  control  valves  open 

□ 

□ 

storage  of  material  on  or  under 

water  systems  heated  to  at 

stairs 

□ 

□ 

least  40  degrees 
stored  material  too  close 

□ 

□ 

Steam  Boiler  and  Other  Heating 

(36"  below  pipe) 

□ 

□ 

maintenance  good 

□ 

□ 

sprinkler  systems  operative 

□ 

□ 

water  feed  supply  good 

□ 

□ 

relief  pressure  control 

□ 

□ 

Standpipes  and  Hose 

pressure  apparatus  inspected 

□ 

□ 

hose  attached  to  each  outlet 

□ 

□ 

burnable  material  away  from 

nozzle  attached 

□ 

□ 

heating  unit  and  smoke  pipe 

□ 

□ 

properly  racked 

□ 

□ 

condition  good 

□ 

□ 

Lighting 

general  lumination  good 

□ 

□ 

Extinguishers 

glare 

□ 

□ 

did  you  examine  each  unit 

□ 

□ 

color  good 

□ 

0 

all  have  seals 

□ 

□ 

maintenance  good 

□ 

□ 

all  currently  dated 

□ 

□ 

shadows  on  work 

□ 

□ 

any  need  refilling 

□ 

□ 

all  units  accessible 

□ 

□ 

Fire  Doors 

all  in  good  condition 

□ 

□ 

overhead  track  clean 

□ 

□ 

operating  mechanism  good 

□ 

□ 

fusible  links  good 

□ 

□ 

doors  blocked 

□ 

□ 

Form  2032 
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EXHIBIT  F 


FORM  2032 
(Rmru  SMi) 


Housekeeping 

Yes 

No 

Smoking 

Yes 

No 

aisles  good 

□ 

□ 

do  employees  understand 

□ 

□ 

stairs  good 

□ 

□ 

smoking  rules 

□ 

□ 

floors  good 

□ 

□ 

any  evidence  of  smoKing  in 

material  storage  good 

□ 

□ 

restricted  areas 

□ 

□ 

waste  disposal  good 

□ 

□ 

wash  and  locker  rooms  good 

□ 

□ 

Personal  Protective  Equipment 

outside  areas  good 

□ 

□ 

all  gas  masks  properly  stored 

□ 

□ 

basement  good 

□ 

□ 

are  they  clean 

□ 

□ 

explosive  materials  properly 

ail  air  packs  properly  stored 

□ 

□ 

handled  and  stored 

□ 

□ 

are  they  clean 

□ 

□ 

are  air  pack  cylinders  full 

□ 

□ 

Cylinders 

do  air  packs  have  alarms 

□ 

□ 

all  cylinders  segregated 

□ 

□ 

extra  gas  mask  canisters 

all  cylinders  supported  or 

and  air  pack  cylinders 

tied  in 

□ 

□ 

properly  stored 

□ 

□ 

caps  on  all  unused  cylinders 

all  first  aid  kits  full  and  clean 

□ 

□ 

extra  first  aid  kits  stored 

□ 

□ 

Elevated  Runways  and  Platforms 

are  hard  hats  clean 

□ 

□ 

in  good  condition 

□ 

□ 

are  dust  masks  clean 

□ 

□ 

clear  of  obstructions 

□ 

□ 

are  safety  goggles  in  good 

handrail*  good 

□ 

□ 

repair  and  clean 

□ 

□ 

toe  boards  good 

□ 

□ 

have  electrical  gloves  been 

tested 

□ 

□ 

Fire  Exits 

are  welders  hoods  in  good 

panic  hardware  operative 

□ 

□ 

condition 

□ 

□ 

clear  of  material 

□ 

□ 

clearly  marked 

□ 

□ 

HOSE  HOUSES 


Each  Hose  House  Inspected  - Any  Obstructed  Do  Hydrants  Drain  Properly 


Hose 

House 

No. 

No. 

Ft. 

Hose 

No. 

Noz- 

zles 

No. 

Bars 

No. 

Lan- 

terns 

No. 

Span- 

ners 

No. 

Wrench- 

es 

Other 

Arrg*d. 

OK 

Hose 

House 

No. 

No. 

Ft. 

Hose 

No. 

Noz- 

zles 

No. 

Bars 

No. 

Lan- 

terns 

No. 

Span- 

ners 

No. 

Wrench- 

es 

Other 

Arrg'd. 

OK 

1 

7 

2 

8 

3 

4 

16 

5 

u 

6 

12 

COMMENTS  AND  RECOMMENDATIONS 


s.ie 

EXHIBIT  0 


Location 

*“«•  Plant  No. 

Minutes  of  Safety  Meeting  Qa^e 

Meeting 


Distribution:  W.  L.  Ball 

E.  J.  Donley 
L.  P.  Fool 


Attendance : 


Discussion: 


New  rtecommendations : (list  numerically  with  year  as  prefix) 


\ 


Action  taken  on  Previous  .ieconenendations 


{ 


By. 


i 


AIR  PRODUCTS  AND  CHEMICALS,  INC. 


5.18 

EXHIBIT 


Location- 
Date — 


Monthly  Report  of  Contend  nant  Testing 


Distribution: 


- Safety  Department 

-  Regional  Operations  Manager 

- Operations  Dept.  Manager 

- Regional  Safety  Supervisor/Engineer 


Total  Hydrocarbons 
Required: 

1.  Reboiler  Liquid  or  L.P.  Column  Sump  (V- ) 

Maximum 

Average 

2.  Oxygen  Product  (Os  Pass  H.  E.  or  LQX 

Transfer  Tank  (V- ) 

Maximum 

Average 

Optional: 

3.  Upstream  of  Guard  Adsorber  (V-  ) 

Maximum 

Average 

4.  Downstream  of  Guard  Adsorber  (V- ) 

Maximum 

Average.  

5.  Air  to  Column  (V-  ) 

Maximum 

Average 

0.  Crude  Oxygen  Upstream  of  H.C.  Adsorbers  (V-  ) 

Maximum 

Average 

7.  Crude  Oxygen  Downstream  of  H.C.  Adsorbers  (V- ) 

Maximum 

Average 

Notes : 

1.  Fill  in  valve  nos.  where  samples  are  taken. 

2.  Take  samples  as  required  and  applicable  to 
the  particular  plant. 

Acetylene  (N-Negative:  P-Positive) 

1.  Reboiler  liquid  or  L.P.  Column  Sump 

2.  Storage  Tanks • • 

REMARKS  - (Give  date  and  details  if  positive): 

Cold  Box  Atmosphere 

. List  any  concentration  over  21$  or  a significant 
increase  over  a previous  reading.  Indicate  source 
of  abnormal  concentration  listing  corrective  action. 

1.  Column  Box  (integral  separator  box).  « • • <■ 

2.  Heat  Exchanger  Box  

3.  Pump  Box  (Plant  or  Storage) 

k.  Liquid  Storage  Box  


[ Plant  No. 

I 


See  Plant  Operations  Manual,  Section  5.18  for  details  on  reporting  requirements. 


Form  No.  2033 


4 

v 


Submitted  By 
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AIR  PRODUCTS  AND  CHEMICALS,  INC. 

DRAWING  58521  C,  REVISION  B 

OXYGEN  PUMP  FILTER  ASSEMBLY 
DECEMBER  18,  1957 


DOCUMENT  NOT  AVAILABLE  FOR  GENERAL  DISTRIBUTION 


\ 


APCt  DOCUMENT 

Mn 


COMPRESSED  VALVE  CYLINDER  VALVE 
OUTLET  AND  INLET  CONNECTIONS 
*>y 


Compressed  Gas  Assoc. 


CGA  Pamphlet,  Volume 

1,  57P,  1965 


COMPRESSED  GAS  CYLINDER  VALVE 
OUTLET  AND  INLET  CONNECTIONS 

toy 

Compressed  Gas  Association 

ASA-B57 • 1 » 57P, 


1965 


! 


and  CAemtctU* 


COMPRESSED  GAS  CYLINDER  VALVE 
OUTLET  AND  INLET  CONNECTIONS 

toy 

Compressed  Gas  Association 


Canadian  Standards 
CAS-B96  57P,  1965 
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FILLING  PROCEDURE  FOR  TRANSPORTABLE  CRYOGENIC  CONTAINERS 
(250  - GALLON  CAPACITY  OR  LARGER)  - GENERAL 
This  procedure  is  similar  to  Section  9.1  District  Operations  Manual 

I.  PURPOSE 

To  establish  a standard  procedure  to  be  used  at  APCI  facilities  for  bulk 
loading  (filling)  cryogenic  containers  with  conventional  product  for  shipment 
to  other  APCI  facilities  or  to  comnercial  customers. 


n. 


raiLirr 


Plant  managers  and  operating  personnel  whose  duties  include  any  aspect  of 
product  filling  are  responsible  for  compliance  with  the  provisions  of  this 
procedure  as  applicable. 

IU.  PROCEDURE 


A.  Scope 


This  procedure  applies  to  all  districts  except  thos  specifically  excluded 
by  the  Technical  Director  of  the  Industrial  Gas  Divi'ion.  Its  use  is 
limited  to  the  filling  of  containers  having  a capacity  of  250  gallons  or 
larger  with  conventional  liquefied  industrial  gases  (nitrogen,  argon  and 
oxygen). 


This  procedure  does  not  include  detailed  filling  instruction?  for 
specific  containers  (tanks,  railroad  cars,  punters,  etc.) 

Valve  identification  numbers,  loading  limits  and  customer  purity  require- 
ments do  not  appear  herein. 


The  intention  of  this  procedure  is  to  ensure  product  quality  and  proper 
labeling  of  product  containers.  This  procedure  does  not  nullify  or  super- 
sede the  authority  for  loading  cryogenic  containers.  This  authority  is 
defined  in  Procedure  No. 01. 05. 02  of  the  Standard  Procedure  - Management 
Manual. 


B.  Preparation 

After  Operations  personnel  have  established  that  a particular  container 

is  scheduled  for  loading,  prepare  for  the  loading  as  follows: 

1.  Loading  personnel  shall  be  certain  that  pads  used  for  loading  liquid 
oxygen  containers  are  clean  and  free  of  oil  deposits,  rags,  paper 
and  other  litter. 

2.  The  tank  trailer,  pumper,  or  other  transportable  container  shall  be 
properly  positioned  on  the  pad.  After  positioning,  at  least,  one  rear 
wheel  shall  be  chocked. 


\ 
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FILLING  PROCEDURE  FOR  TRANSPORTABLE  CRYOGENIC  CONTAINERS 
(250  - GALLON  CAPACITY  OR  LARGER)  - GENERAL 
IMs  procedure  is  similar  to  Section  9.1  District  Operations  Manual 

3*  Vehicle  engines  shall  be  tut  down  before  loading  begins  and  shall 
not  be  restarted  until  the  loading  has  been  completed,  the  hoses  have 
been  disconnected  and  the  loading  area  is  considered  safe  for  engine 
startup  end  'ehicle  removal. 

Caution:  When  LQX  tankers  are  being  filled,  oxygen  vapors  vent  into 
the  immediate  area  and  oxygen-rich  atmospheres  can  develop. 
Such  atmospneres,  often  indicated  by  heavy  frost  vapors, 
accentuate  the  hazard  of  any  combustion  that  might  occur. 

It  is  therefore  important  not  to  start  vehicle  engines 
until  a safe  atmosphere  is  assured.  Moderate  prevailing 
-winds  and  an  absence  of  frost  vapors  indicate  that  high 
concentrations  are  not  present.  Use  a Beckman  D-2  or 
similar  analyzer  to  check  the  percentage  of  oxygen  in  the 
surrounding  atmosphere  (21  oercent  is  normal).  Oxygen 
concentration  should  never  exceed  25  percent;  if  it  does, 
do  not  start  vehicle  engines. 

a.  At  locations  where  drivers  are  responsible  for  loading,  the 
driver  shall  remove  the  ignition  keys  from  his  vehicle  and  keep 
them  in  his  possession  until  conditions  permit  safe  removal  of 
the  loaded  container. 

b.  At  locations  where  loaders  are  responsible  for  loading,  the 
loader  shall  place  a red  flag  standard  (at  least  one  per  vehicle) 
directly  in  front  of  the  vehicle  being  loaded*  The  red  flag  shall 
be  clearly  visible  from  the  drivers's  seat.  If  the  towing 
vehicle  has  been  disconnected  from  the  container,  the  standard 
positioned  so  that  it  must  be  moved  before  the  container  can  be 
removed.  The  loader  chall  not  remove  the  flag  standard  until 

it  is  safe  to  move  the  loaded  container. 

c.  Whenever  a "foreign"  (i.e.  non-APCl)  driver  enters  APCI  pro- 
perty, he  shall  be  required  to  check  in  with  the  plant  manager 
or  his  designated  loading  supervisor.  Foreign  drivers  are  not 
to  load  their  own  equipment.  If  they  insist,  they  can  do  their 
loading  with  an  APCI  employee  observing  the  orocedures  and 
operating  all  valves  on  APCI  equipment. 

4.  Operations  personnel  shall  visually  check  the  load  and  unload 

connections  on  the  transportable  container  to  be  certain  that  end 
connections  are  correct  for  the  product  being  loaded. 


OPM3530  2/ 67  Rev.  3/69 


/ 


y^y 


CRYOGENIC  SYSTEMS  DIVISION 

PLANT  OPERATIONS  MANUAL 


section 

•>  7 

fAOE—_  OF  __ 

PAT1  - 8/29/6? 


I 


FILLING  PROCEDURE  FOR  TRANSPORTABLE  CRYOGENIC  CONTAINERS 
(250-GALLON  CAPACITY  OR  LARGER)  - GENERAL 
This  procedure  is  similar  to  Section  9.1  District  Ooerations  Manual 

Note:  The  operator  or  loader  shall  be  certain  that  "fixed  ends" 

attached  to  the  loading  and  unloading  line  and  oumo  discharge 
line  are  correct  for  the  product  being  loaded  and  that  all 
hoses  ends  on  transfer  hoses  stored  i.~.  the  transportable  con- 
tainer's storage  compartments  are  correct  for  the  product  it 
will  contain.  Product  will  not  be  loaded  into  containers  with 
improper  "fixed  ends"  or  into  containers  that  carry  transfer 
hoses  with  improper  hose  ends.  The  use  of  adapters  to  accomo- 
date loading  through  an  incorrect  "fixed  end"  is  strictly  pro- 
hibited except  when  loading  customer-owned  bulk  delivery  ve- 
hicles. In  such  cases,  any  type  of  adapter  may  be  used  for 
loading  provided  one  end  of  the  adapter  is  different  from 
APCI's  standard  LQX  or  LIN-LAR  fittings.  If  it  is  ever  neces- 
sary during  the  loading  of  a "foreign"  vehicle  to  use  an  adap- j 
ter  that  would  permit  different  types  of  APCI  product  fittings  > 
to  be  interconnected,  the  adapter  must  be  kept  in  custody  of 
the  Plant  manager  or  his  delegated  representative  (under  lock 
and  key)  except  when  in  use. 

a.  Exhibit  A provides  detailed  information  on  container  fixed  ends 
and  hose  ends  that  are  IGD-aporovea  for  use  in  oxygen,  nitrogen 
and  argon  service.  j 

5-  A visual  check  shall  be  made  of  the  control  eouipment  on  the  con- 
tainer. Control  compartments  of  containers  to  be  filled  with  oxygen 
must  be  free  of  rags,  papers,  soiled  gloves,  etc.  Cold  piping  will 
require  occasional  steam  deicing  to  render  valves  and  controls 
accessible  and  operable. 

Note:  The  visual  inspections  required  in  4 and  5,  above,  shall  be 
performed  before  loading.  The  containers  may  have  been  posi- 
tioned by  drivers  of  previous  work  shifts,  or  the  container 
ray  have  been  tagged  to  indicate  that  some  of  its  equipment 
was  in  need  of  checkout,  repair  or  replacement. 

6.  The  loader  shall  also  be  assured  that  all  of  the  signs  and  markings 
on  the  vehicle  will  name  one  product  only  (the  product  being  loaded). 

?.  Before  loading,  any  container  scheduled  to  be  loaded  shall  have  its 
residual  contents  sampled  and  analyzed  for  impurities . 1See  procedure 
2.05  for  details.  Whenever  the  analysis  of  the  residual  contents  of  a 
tanker  or  railroad  car  indicates  that  the  product  does  rot  meet  pro- 
duct specifications,  the  plant  superintendent  shall  be  contacted  im- 
mediately. It  shall  be  his  decision,  with  appropriate  guidance  from 
local  or  regional  distribution  management,  to  determine  if  it  is 
appropriate  to  purge,  repair,  or  modify  the  unit  before  refilling. 

Some  factors  to  be  considered  are: 


\ 


ft 


2.02 


CRYOGENIC  SYSTEMS  DIVISION 

PLANT  OPERATIONS  MANUAL 


SiCTSON 

4 


2-0  f J 

8/29/69 


FILLING  PROCEDURE  FOR  TRANSPORTABLE  CRYOGENIC  CONTAINERS 
(250  - GALLON  CAPACITY  OR  LARGER)  - GENERAL 

a.  The  degree  of  inrourity  that  can  be  tolerated  in  a container  befom 
loading  will  vary  with  the  amount  of  residual  liquid,  the  degree 
of  contamination  in  the  residual  liquid,  and  the  purity  and  quan- 
tity of  liquid  to  be  added.  Since  all  three  factors  may  vary 
from  one  container  to  another,  it  is  impossible  to  publish  mean- 
ingful criteria. 

b.  Serious  evaluation  must  be  made  of  the  oossible  end  result  (pro- 
duct purity  after  loading) . It  is  possible  for  the  degree  of  im- 
purity in  the  residual  liquid  to  exceed  the  limits  of  IS)  Product 
'Purity  Specifications  (section  2.03.02),  and  still  be  well  within 
the  limits  after  loading,  since  the  degree  of  impurity  will 
diminish  as  high-purity  liquid  product  is  added. 

c.  At  no  time  shall  product  that  is  below  IS)  Product  Purity  Specifi- 
cations (section  2.G3.02)  be  loaded  into  containers  for  shipment. 

Exception:  In  some  cases,  intradistrict  shipments  may  be  made  to 

other  APCI  facilities  for  further  purification. 

(Crude  argon,  etc.) 

8.  When  filling  a customer  vehicle  that  does  not  contain  a sample  tag  or 
when  the  customer  does  not  want  his  product  analyzed,  APCI  shall  per- 
form analysis  to  verify  product  quality  being  loaded.  Samples  should 
be  taken  either  from  a sample  tao  in  the  APCI  fill  line  or  in  the 
storage  tank  off-loading  manifold.  Analytical  data  shall  be  recorded 
on  form  3096  (see  exhibit  B). 

9.  Loading  personnel  shall  be  certain  that  all  necessary  preliminary 
safety  measures  have  been  taken. 

Filling 

1.  The  container  to  be  filled  shall  be  coupled  to  the  facility's  cryo- 
genic storage  tank  and  filled  according  to  standard  purge  and  fill 
procedure  applicable  to  the  particular  container.  The  container's 
flash  vent  shall  be  used. 

a.  The  Operator  shall  visually  inspect  the  condition  of  the  fill 
equipment  each  time  a container  is  filled.  Ary  irregularities 
must  be  examined  in  detail. 

Note : Transfer  hoses  must  be  in  good  condi'. _ ">n  and  must  be  dust- 

capped  when  not  in  use.  They  shall  no.  be  left  on  pads  where 
they  could  be  damaged  by  dragging  or  by  trailers  running  over 
them.  Fill  fittings  and  anions  irist  be  free  from  deep  nicks 
or  scores.  Oxygen,  nitrogen,  and  argon  transfer  connections 
must  also  be  dust-capoed  except  when  in  use. 
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(250  - GALLON  CAPACITY  OR  LARGER)  - GENERAL 

b.  Flash-vapor  recovery  systems,  which  are  installed  at  certain  A PCI 
facilities,  can  be  used  only  when  the  container's  residual  liouid 
meets  IGD  Product  Purity  Soecifications.  Such  recovery  systems 
are  also  undersirable  for  certain  other  reasons,  therefore  their 
use  shall  deoend  on  the  policy  of  the  facility  and  requires 
aporoval  of  the  Technical  Director,  IGD. 

2.  After  filling,  the  container  contents  must  be  sampled  and  analysed 
again.  See  procedure  2.05  for  details.  Results  shall  be  recorded 
on  form  3096  (see  exhibit  B)  and  on  tag  form  P-L  Tag-  Ko.  1 (see 
exhibit  C).  The  tag -shall  be  filled  out  in  detail  and  attached 
securely  to  the  container  product  drain  (outlet,  unloading,  or  dis- 
charge valve). 

a.  Product  purity  must  meet  the  requirements  of  the  applicable  IGD 
Product  Purity  Soecifications  (section  2.03.02)  before  its  re- 
lease for  shioment  to  customers . 

Exception:  Certain  intradistrict  shiuments  of  oroduct  which 
does  not  meet  the  above  mentioned  Durity  soecifi- 
cations may  be  made  to  other  APCI  facilities  for 
further  purification.  (Crude  argon,  etc.) 

b.  Drivers  of  customer-owned  vehicles  that  do  not  require  product 
purity  analysis  shall  be  required  to  sign  APCI's  purity  analysis 
sheet  (form  3096,  exhibit  B),  verifying  the  product  and  the 
purity  of  the  product  received. 

D.  Railroad  Car  Shipments 

Any  liquid  product  shinped  in  railroad  cars  shall  be  accompanied  by  the 

following  special  forms: 

1.  Tank  Car  Loading  and  Receiving  Reoort,  form  3111-A  (see  exhibit  D). 

Three  copies  shall  be  used.  The  original  and  the  third  copy,  with 
with  parts  I and  II  filled  out,  shall  accompany  the  railroad  car, 
and  the  second  copy  shall  remain  at  the  filling  facility.  When  the 
railroad  car  reaches  its  destination,  part  III  of  the  form  shall  be 
filled  out,  and  both  conies  shall  be  forwarded  to  Air  Products  and 
Chemicals,  Inc.,  P.0.  Box  538,  Allentown,  Pennsylvania  18105  - 
Attn:  H.  Hansen. 

2.  Unloading  Reoort  and  Instructions  for  Empty  Tank  Car  Forwarding  form 
3101  (see  exhibit  E). 

Three  copies  shall  be  used.  The  original  copy  shall  be  retained  by 
the  agent.  The  second  copy  shall  be  mailed  to  Air  Products  and 
Chemicals,  Inc.,  P.0.  Box  538,  Allentown,  Pennsylvania  l3i05  - 
Attn:  H.  Hansen.  The  third  copy  is  for  the  facility  file. 
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FILLING  PROCEDURE  FOR  TRANSPORTABLE  CRYOGENIC  CONTAINERS 
(250  - GALLON  CAPACITY  OR  LARGER)-  GENERAL 

E.  Labeling 

Product  Labeling  Tag,  form  P-L  Tag  No.  1 (see  exhibit  B)  shall  be  used  to 
label  all  bulk  shipments  before  they  are  released  to  the  customer.  The 
tag  shall  be  filled  out  in  detail  as  follows : 

1.  Name  of  the  facility  where  the  container  was  loaded. 

2.  Name  of  theproduct  in  the  container. 

3.  Description  of  the  container  (tanker,  trailer,  railroad  tanker, 
pumper,  etc.)  and  its  identification  number. 

4.  Product  purity  in  the  container. 

5.  Amount  of  impurities,  e.g. , dewpoint,  ppm  oxygen  in  nitrogen  or  argon, 
total  hydrocarbons  in  oxygen  (when  this  is  required  to  meet  particular 
customer  specifications.) 

6.  Total  quantity  of  product  in  the  container.  (This  entry  may  be  omitted 
and  is  not  to  be  used  for  billing). 

7.  Date  and  time  the  container  was  filled  and  the  signature  of  the  person 
who  filled  it. 

Note:  Analysis  (purity  and  inpurities)  shall  be  performed  on  the 

product  in  the  bulk  container,  not  on  the  product  used  to  fill 
it.  Use  cryogenic  samplers  if  necessary. 


F.  Check  Lists  (Exhibits  F and  G) 


1.  Railroad  Tanker  Filling  and  Highway  Tanker  Filling  Check  Lists  (Form 
3622  and  3623)  are  to  be  utilized  for  each  container  filled. 

2.  The  check  lists  are  summaries  of  above  procedures.  They  are  of  neces- 
sity concise  ana  are  not  intended  to  replace  the  procedures  but  to 
serve  as  a reminder  to  personnel  to  complete  all  items.  Loading  per- 
sonnel must  be  familiar  with  the  contents  of  this  procedure  to  load 
equipment  and  use  the  check  list. 


3.  Check  lists  are  also  to  serve  as  a means  of  "passing  the  word"  to  the 
next  shift,  where  applicable.  Each  item  completed  shall  be  initialed 
and  the  list  passed  or.  to  the  relieving  loader. 


U.  The  tanker  number  and  date  are  to  be  filled  in  and  the  form  assigned  to 
the  tanker  when  it  arrives  in  the  loading  area.  It  shall  be  kept  con- 
venient (Examples:  rear  of  trailer  compartment  or  load  area  analyzer 
house)  so  it  can  be  initialed  as  work  is  completed.  Clipboard  arrange- 
ments with  hooks  at  individual  load  stations  are  ideal  except  during 
inclement  weather.  The  assigned  form  is  not  to  be  removed  from  the  area 
until  it  has  been  completed  and  the  Product  Label  is  attached  to  the 
trailer.  The  completed  form  shall  be  keot  for  at  least  one  month  after 
which  time  it  can  be  discarded.  < 
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FILLING  PROCEDURE  FOR  TRANSPORTABLE  CRYOGENIC  CONTAINERS 
(250  - GALLON  CAPACITY  OR  LARGER)  - GENERAL 

5.  The  purity  data  section  will  require  fill  in  on  one  line  (two  for  LAR) 
under  each  of  the  "Residual"  and  "Load"  colunns  indicating  purity 
analysis  before  and  after  filling.  The  type  analyzer  to  be  used  for 
each  product  is  listed  to  guide  personnel  on  the  proper  instrument 
to  be  used.  This  is  oarticularly  important  for  new  Dersonnel  and  those 
helping  in  an  interim  basis  for  emergencies  or  "fill  in"  for  loaders 
absent. 

RELATED  PROCEDURES 

2.02.01  (and  following)  - Specific  Facility  Loading  Procedures 

2.05  - LOX,  LIN  LAR  Shipment  Sampling  and  Analysis. 

RELATED  FORMS 

Exhibit  A - Standards  for  Liquefied  Gases  Transfer  Hoses  & Connections 

3096  Rev.  7-65  - Product  Analysis,  exhibit  B. 

P-L  Tag  Nc.  1 - Product  Labeling  Tag,  exhibit  C. 

3111-A  - Tank  Car  Loading  Shioping  and  Receiving  Report,  exhibit  D. 

3101  - Unloading  Report  and  Instructions  for  Bnpty  Tank  Car 

Forwarding,  exhibit  E. 

3622  - Railroad  Tanker  Filling  Check  List,  exhibit  F 

3623  - Highway  Tanker  Filling  Check  List,  exhibit  G 
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SECTION  2.0. 
EXHIBIT  A 


STANDARDS  FOR  LIQUEFIED  GASES  TRANSFER  HOSES  AND  CONNECTIONS 


OXYGEN 


To 

Liquid 

Tank 


Size: 

Um: 

Maximum  Working  Pressure: 

APCI  Part  Numbers: 

(a)  Transfer  Hose  Assembly: 
(a-1)  Hose  Union  Assembly: 

(b)  Trailer  Adapter  Assembly: 
|c)  Tank  Adapter  Assembly: 

(d)  Gasket: 

Pipe  Connections  (x): 

<Y»: 


3" 

Pressure  Transfer 
SOPSIG 

62917A  (3  421  69  00021 
62766C  (3  916-17-0007) 
62763C  (5-916  17-0002) 
62763C  (5-916-17-0002) 
62744A  (4-372-03-0023) 
3-1/8"  O.O.  Female  Sweat 
3"  NPT 


1%" 

Pump  Transfer 
300PSIG 

62916A  (3-421-69-0003) 
62768C  (5-916-17-0006) 
62755C  (5-916-17-0003) 

* 62755C  (5-916-17-0003) 

62751A  (4-372-03-0029) 
1*5/8"  O.O.  Female  Sweat 
1H"  NPT 


NITROGEN  & ARGON 


Size: 

Use: 

Maximum  Working  Pressure: 
APCI  Part  Numbers: 


3" 

Pressure  Transfer 
50  PSIG 


Tank 

T/4" 

Pump  Transfer 
300  PSIG 


(a)  Transfer  Hose  Assembly: 
(a-1)  Hose  Union  Assembly: 
lb)  Trailer  Adapter  Assembly: 

(c)  Tank  Adapter  Assembly: 

(d)  Gasket: 

Pipe  Connections  |x): 

(V): 


62918A  (3  421  69  0004) 
62761C  (5  916  17  0008) 
62748C  (5  916  17  0004) 
62748C  (5  916  17  0004) 
62744A  (4  372  03  0028) 
3-1/8"  O.O.  Female  Sweat 
3"  NPT 


62935A  (3  421-69  0005) 
62774C  (5  916-17  0001) 
62771C  (5  916-17  0005) 
6277 1C  (5  916  17-0005) 
62751 A (4  372-03  0029) 
1-5/8"  O.D.  Female  Sweat 

v/r 


\ 


NOTES:  All  hoses  are  10  feet  tong . 

AH  hose  end  connections  have  dust  ptug  and  chain  assembly. 

| AH  mate  adapter  assemblies  have  dust  cap  and  chain  assembly. 

) All  above  items  stocked  by  Parts  Department  under  code  numbers  shown  in  parenthesies. 

Part  A tos.  la  1)  and  fa2)  hose  union  assemblies  are  actually  subassemblies  of  complete  hose  assemblies  (a). 

#*1  » • > -i-r'fnr j A , . r /•  ' «//1. 


INDUSTRIAL  GAS  DIVISION 


Section  2.0 2 
Exhibit  B 


PRODUCTS  ANALYSIS:  Ultra  high  purity  Argon,  Puragon,  Helium*  High  purity  Hydrogen 
Ultra  high  purity  Hydrogen,  High  purity  Nitrogen,  Ultra  nigh  purity  Nitrogen,  Oxygen 


Form  3096  P.ev.  it  District. Month  of 


/-19-65  LCK 


DATE 

CYL,  TANKER, 
_ NUMBER  1 

OR  TRAILER 
r PRES.  PSIO 

GAS  PURITY 
MOT,  j 

OXYGEN 

£EH 

DEN  POINT 
JL. 

REMARKS 

• 

— — 

1 

. 

* 

L 

i 

4 

* 

1 | J 

1 

_ 

_ . 

i 

1 

— 

..  — — -f 

— 

— 

... 



NOTE: 

(a)  Tils  form  will  be  used  by  districts  in  reporting  the  result * of  dvDy  product 
analyses  as  required  by  the  Filling  Procedures  described  by  Sections  *.?.1.1, 

3 2.1.2,  3. 2. 1.3,  3. 2.1.4,  and  3. 2.1. is  of  the  "I.G.D. •'  District  Operation. 
Manual.  Districts  should  U3e  a separate  form  for  each  gas  fll'eci,  and  cir-.le 
the  gas  analyzed.  One  (1)  copy  of  the  conpleted  form  should  cc  retained  by 
the  district,  and  one.  (1)  copy  forwarded  to  the  altcntjo..  >f  the  Cr.ief  Ifcgmeer, 
“I.G.D.’j  Allentown,  Pennsylvania.  The  completed  f< i .3  sh.;*;?  :»e  transmitted  or. 
monthly  basis  during  the  first  wee!,  of  the  month. 


(b)  Districts  should  also  use  this  form  t<>  record  shipment  of  quality  control 

samples  to  the  "I.G.D.**  Quality  Control  I.'ib^rat.-.ry,  ac  required  ir»  section  6.3 

fS  f f Ka  II T P.  ft  l‘  r f ArtAWal  * V * 
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P-L  TAG 
No.  1 


Section  2.02 
Exhibit  C 


o) 


A 


C%&?mc(z£i 


■MIC. 


FAClUTY. 
PRODUCT 


CONTAINER  TYPE  & No 

QUANTITY  LOADED 

PURITY i % 

IMPURITIES: 


.(FT3,  IDS,  GALS,  ETC) 


DEW-POINT. 


-PPMOc 
HaO 


DATE. 


.OTHER 

.OTHER 


OPERATOR. 


10 IE:  This  tag  can  be  obtained  from  APCI  '’  are  Farts  Department 

at  Allentown,  Pa.  by  requesting  AFCI  Stock  Code  Humber 
4-647-51-00*0. 


Yr  No., 


Ac?$k7%odu&&atx£  Cficvuca& 

•MC. 


Section  2.02 
Exhibit  0 

AUiNTOWN  COPV-t 


(Compartment:  .Large.... .Small) 

TANK  CAR  LOADING,  SHIPPING  AND  RECEIVING  REPORT 


PART  I 

Car  as  received  empty:  (Date  readings  taken 


) 


psi 


1.  Last  contents „T  Gas  Analysis 

liquid  Analysis 

2.  Pressure  (PG  1)......... — ................................ .. (PG  2) 

3.  liquid  Level  (LLG) — .... .inches  * 

4.  Vacuum  Reading.  .microns  Reading  Taken  at .o’clock  Ambient  Temp-— °F. 

5.  Note  here  any  valves  left  open,  loose  caps,  missing  gaskets  or  any  other  mishandling  by  consignee. 


6.  What  repairs  were  made  to  prepare  car  for  loading  (include  pumping  of  vacuum,  purging, etc.): 

t 


7.  Report  prepared  by.. 
PART  n 

I inal  check  of  loaded  can 
1.  Contents... 


Date  Shipped 


3.  Liquid  Level  (LLG).. 
j.  Gas  Analysis 

7.  Valves  Checked  by... 

8.  s£h  applied  by. 


2.  Pressure  (PG  1) psi 

(PG  2) psi 

inches  4.  Vacuum  Reading microns 

6.  liquid  Analyst 


•*« 


0.  Commodity  sign  OK 10.  Any  evidence  of  cold  spots 

st.  Car  OK’d  for  shipment  by Date. 


I' 


PART  III 

' i 

i 

Heceiving  Report  at  Dcstlnatlom  i ! 

1.  Pressure  (PG  1) ; .psi  (PG  2).. psi  2.  LLG in.  loaded: in.  emrtj 

3.  If  evidence  of  loss  enroute  is  detected,  describe  here 


1 


4.  Analysis  OK 5.  Seals  intact Yes  No 

6.  Estimated  transfer  losses scf  determined  by weight 

LLG 

other 

7.  Appearance  on  arrival 

8.  Checked  by Dale.. 


Sw»No,  JUl-A  R»f.  tMJ.tfJ 


. - I-.J* 


INC. 


Section  2.02 
Exhibit  E 


UNLOADING  REPORT  AND  INSTRUCTIONS  FOR  EMPTY  TANK  CAR  FORWARDING 


Tor  Car. 


Shipped 19. 


TO  CUSTOMER:  I 

As  soon  as  this  car  has  been  unloaded,  please  notify  the  railroad  agent  by  phone  and  (after  filling  in  l*  2.  3 & l) 
present  this  set  of  forms  to  the  railroad  agent  for  his  signature.  The  signed  original  is  to  be  retained  by  the  agent,, the  duplicate 
mailed  immedfitely  to  Air  Products  & Chemicals,  Inc.,  P.  0.  Box  538,  Allentown,  Pa.,  and  the  Triplicate  is  for  your  file. 


Line  1 Loaded  car  arrived  (Date) (Hour). 


Line  2 Car  Spotted  at  unloading  position  (Date) (Hour). 


Line  3 Reported  to  RR  as  empty  (Date) (Hour). 


Line  4 Car  removed  from  siding  (Date) ).  . . (Hour) 

All  covers  and  unloading  valve  plugs  and  caps  must  be  in  place  and  properly  secured  before  cars  are  turned  o\er  to  the 
railroad  for  movement  empty.  Please  observe  all  additional  unloading  instructions  on  the  car.  Thank  you. 


TO  FREIGHT  AGENT,. 


« Car  Initial 
ft  Number 


Last  Contents 


This  car  is  now  empty  and  ready  to  be  forwarded,  free  on  mileage  equalization. 

To: 


Routing  instructions  must  be  strictly  observed. 


Route  via 


.Shipper 


, RR  Agent 


NOTE:  The  prompt  unloading  and  return  movement  of  this  car  is  absolutely  necessary  to  assure  the  reliable  service  we 

all  expect.  Your  cooperation  is  appreciated. 


i 


Section  2.02 
Exhibit  F 


i 

Ri  f’RODUUBIl  lit  t.  if  fhf 


k IRK  <|NAI  1 \ A 


RAILROAD  TANKER  FILLING  ChLCK  LIST 


Facility __  Date 

A PC  I Tank  No.  or  Customer  No. 


Residual  Quantity  

Spot,  set  brakes,  check  both  direction*- 
Complete  Part  I,  Form  3111A 
Install  derail  and  flag 
Residual  purity  - Fill  in  below 
Check  for  maintenance  necessary 
Proper  product  signs  or  decals 
Proper  fixed  ends,  tanker  and  hoses 
Fill  tanker  according  to  procedures 


Depressure,  disconnect,  cap  & rack  hose 
Load  purity  - Fill  in  below 
Disconnect  sample  line,  cap  or  purge 
Final  chfeck  for  valve  settings 
Final  check  for  maintenance  necessary 
Complete  Part  II,  Form  3111A 
Complete  & attach  Prod.  Labeling  Tag 
Close  fill  compartment  and  seal 
Full  quantity  


PURITY  DATA 


PROD.  Sample  Residual  Load  Type  Analyzer  to  be  Used 


LAR 

Vapor  Source 

ppm  Np 

Ion  Mobility 

•Liquid  Source 

ppm  02 

Electrochemical 

LIN 

•Liquid  Source 

ppm  O2 

Electrochemical 

LOX 

Vapor  Source 

__  % 02  

Orsat  or  Paramagnetic 

* is  sample  to  be  taken  at  one  of  the  two  small  (usually  1/2")  liquid  drain  valves  at  each  enc 
the  car.  Record  full  purity  (ppm  or  % of  0£,  Ng,  or  Ar)  purity  similar  to  analysis  above 
using  the  same  type  analyzer . Purity  . 


ROTES 

. . Trie  tanker  number  and  date  is  to  be  filled  in  and  this  form  assigned  to  the  tanker  when 
it  arrives  in  the  loading  area.  It  shall  be  kept  convenient  (back  of  trailer  or  load 
area  analyzer  house)  so  it  can  be  Initialed  as  work  is  completed.  Remove  this  form 
after  the  Product  Labeling  Tag  is  attached  and  keep  on  file  for  a one  month  period. 

'<! . Instruments  utilized  must  indicate  on  charts,  they  have  been  spanned  (and  zeroed  where  I 
applicable)  within  the  last  2U  hours  or  they  must  be  checked  before  analytical  procedures.; 

>•  Vapor  source  samples  must  flov  for  at  least  5 minutes  before  introduction  into  analyzer. 
Liquid  source  must  flow  for  at  least  one  minute.  Use  some  descretion  on  long  sample 
tube  runs . 

-•  Refer  to  POM  procedure  2.0^  for  particulars  on  sampling,  analysis  and  analyzers,  procedure 
2.02  for  filling  and  1.1?  (or  Operations  Safety  Manual)  for  safety  rules  on  liquid  handling 

REMARKS 


r 


i 


Section  2.02 
Exhibit  G 


facility  _____ 
KpCI  Tanker  No* 


HIGHWAY  TANKER  FILLING  CHECK  LIST 


or  Customer 


Residual  Quantity  _______ 

(Spot  against  bumper 
Turn  off  ignition,  remove  keys 
Chock  in  front  of  rear  wheels 
Flag  in  front  of  vehicle 
Residual  purity  - Fill  in  below 
Check  for  maintenance  necessary 
BProper  product  signs  or  decals 
I Proper  fixed  ends,  tanker  &.  hoses 
f Fill  according  to  procedures 


Depressure,  disconnect,  cap  & rack  hose 
Load  pdrity  - Fill  in  below 
Disconnect  sample  line,  cap  or  purge 
Final  check  for  valve  settings 
Final  Check  for  maintenance  necessary 
Complete  & attach  Product  Labeling  Tag 
Close  and  latch  rear  doors 
Log  data  on  form  3096  and  log  book 
Full  quantity  ____________ 


Prod.  Sample 


Residual 


Vapor  Source 
Liquid  Source 
Liquid  Source 
Vapor  Source 


PURITY  DATA 


ppm  N2 
ppm  02 
ppm  02 
i 02 

NOTES 


Load 


Ion  Mobility 
Electrochemical 
Electrochemical 
Orsat  or  Paramagnetic 


1.  The  tanker  number  and  date  is  to  be  filled  in  and  this  form  assigned  to  the  tanker  when 
it  arrives  in  the  loading  area.  It  shall  be  kept  convenient  (back  of  trailer  or  load 
area  analyzer  house)  so  it  can  be  initialed  as  work  is  completed.  Remove  this  form 
after  the  Product  Labeling  Tag  is  attached  and  keep  on  file  for  a one  month  period. 

2.  Instruments  utilized  must  indicate  on  charts,  they  have  been  spanned  (and  zeroed  where 
applicable)  within  the  last  2k  hours  or  they  must  be  checked  before  analytical  procedures . 

3*  Vapor  source  samples  must  flow  for  at  least  5 minutes  before  introduction  into  analyzer. 
Liquid  sources  oust  flew  for  at  least  one  minute.  Use  some  descretion  on  long  sample 
tube  runs. 

4.  Refer  to  PCM  procedure  2.05  for  particulars  on  sampling,  analysis  and  analyzers,  procedure 

| 2.02  for  filling  and  1.17  lor  Operation  Safety  Manual)  for  safety  rules  on  liquid  handling. 

( REMARKS 
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FILLING  PROCEDURE 
FOR 

TRANSPORTABLE  CRYOGENIC  CONTAINERS 
.(250  Gallon  Capacity  or  Larger) 


Index  to  Contents 

Par.  1.... Purpose 
Par  . 2. . . . Scope 
Par.  3... .Authority 
Par.  4.... Preparatory 
Par.  5.... Filling 
Par.  6.... Labeling 


This  specification  outlines  the  procedure  to  be  employed  at  APCI 
facilities  for  bulk  loading  (filling)  cryogenic  containers  with 
conventional  product  for  destination  to  other  APCI  facilities  or 
commercial  customers. 


•tP  IS7: 

ot  U Mry 


2.  SCOPE 

(a)  This  specification  shall  be  jurisdictive  as  applicable  to 
all  districts  unless  specifically  excluded  by  the  Facilities 
Operations  Manager  of  the  Industrial  Gas  Division. 

(b)  Usage  of  this  specification  is  limited  to  the  conventional 
industrial  gases  (nitrogen,  argon,  and  oxygen)  normally 
dispensed  by  districts  as  bulk  liquid  into  containers  of 
250  gallon  capacity  or  larger. 

(c)  This  specification  does  not  provide  detail  fill-instructions 
for  any  specific  tank,  pumper,  railroad  car,  etc.  No  valve 
identification  numbers,  loading  limits,  customer  purity 
requirements,  etc.  will  be  listed  herein. 

3.  AUTHORITY 

Procedure  No.  01-05-02  of  the  Standard  Procedure  - Management 
Manual  defines  the  authority  for  loading  cryogenic  containers. 
This  specification  does  not  preclude  that  authority,  but  is  a 
procedure  to  assure  product  quality  and  proper  labeling  of 
product  containers. 
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SECTION  ■ 9.1 


4.  PREPARATORY 

Prior  to  filling  any  cryogenic  container  (either  APCI  owned,  leased,  or 
customer  owned)  the  facility's  operations  personnel  will  first  check  the 
loading  schedule  to  determine  if  the  container  has  been  scheduled  for 
loading.  When  it  is  established  that  a container  is  to  be  loaded,  the 
necessary  pre-fill  operations  will  be  performed  in  accordance  with  the 
following: 

4.1  Pads  utilized  for  spotting  and  loading  oxygen  containers  shall 
be  kept  clean  and  free  of  oil  deposits,  rags,  paper,  and  other 
litter  debris. 

4.2  The  tank- trailers , punpers,  or  other  transportable  containers 
shall  be  spotted  on  the  pad  in  a manner  which  will  permit  utiliz- 
ing the  facilities  provided  by  the  pad  to  accommodate  accidential 
•pillage,  during  subsequent  filling. 

4*3  The  transport-vehicle  engines  must  be  shut-down  prior  to  proceed- 
ing with  container  loading.  The  engines  should  not  be  restarted 
until  after  completion  of  loading  and  hose  disconnection.  Engine 
start-up  should  be  prohibited  until  such  time  as  the  area  and  con- 
ditions surrounding  the  vehicle  may  be  considered  "SaFE"  for  engine 
start-up  and  vehicle  removal.  See  "CAUTION"  below: 

(a)  At  location(s)  where  drivers  are  responsible  for  loading. 

The  driver  shall  remove  the  ignition  keys  from  the  vehicle 
and  shall  retain  them  in  his  possesion  until  conditions 
permit  safe  removal  of  the  loaded  container. 

(b)  At  location(s)  where  loaders  ar&  responsible  £&£  loading. 

The  loader  shall  place  a red-fla.?  standard  (minimum  of  one 
per  vehicle)  directly  in  front  of  the  vehicle  being  loaded. 
The  red-flag  standard  must  be  placed  in  a manner  so  that 
flag  is  clearly  visable  from  the  driver-position  inside  the 
vehicle  cab.  In  cases  where  the  tow-vehicle  has  been  un- 
coupled, the  red-flag  standard  shall  be  so  placed  that  the 
transportable  container  cannot  be  moved  without  first  re- 
locating the  flag-standard.  The  loader  should  not  remove  +he 
flag-standard  until  conditions  permit  safe  removal  of  the 
loaded  container. 

CAUTION 


When  LOX  tankers  are  being  filled,  oxygen  vapors  vent  into 
the  immediate  area.  Heavy  frost  vapors  are  an  indication  that 
oxygen  enriched  atmospheres  are  possible. 

Oxygen  enriched  atmospheres  increase  the  hazard  of  combust- 
ibility in  the  event  material  is  ignited  in  the  area.  Tho:*e- 
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— fore,  it  is  important  that  vehicle  engines  are  not  started  until 
it  is  ascertained  that  oxygen  enriched  atmospheres  are  not  present. 

Lack  of  frost  vapors  and  moderate  prevailing  winds  are  indications 
that  oxygen  enriched  vapors  do  not  exist.  If  the  vapor  plume  extended 
to  the  tractor  during  loading,  the  atmosphere  under  the  hood  should  be 
checked  with  a Beckman  D-2  or  similar  analyser  to  determine  if  21$ 
j oxygen  (normal)  is  present.  Do  not  start  the  vehicle  engine  if  the 

1 oxygen  content  exceeds  23 

* i 

4*4  The  operations  personnel  will  perform  a visual  check  of  the 
transportable  container's  load  and  unload  connection  (s)  to 
assure  proper  end-connection  for  the  product  being  loaded. 

See  note  below.  A visual  examination  of  condition  of  the 
transportable  container's  control  equipment  shall  also  be 
made  prior  to  proceeding  with  product  loading. 


MOTE 

THE  OPERATOR  OR  LOADER  SHAH  HAKE  CERTAIN  THAT  "FIXED-ENDS"  ATTACKED  TO 
THE  LOADING  AND  UNLOADING  USE  AND  THE  PUMP-DISCHARGE  LINE  APX  PROPER 
FOR  THE  PRODUCT  BEING  LOADED.  THE  USE  OF  ADAPTERS  TO  ACCOMMODATE 
LOADING  OF  APCI  EQUIPMENT  THROUGH  AS  INCORRECT  "FIXED-END"  IS  STRICT!! 
PROHIBITED. . LOADERS  SHOULD  ALSO  BE  ASSURED  THAT  ALL  HOGE-ENDS  ON  TRANSFER 
•HOSES  STORED  IN  THE  TRANSPORTABLE  CONTAINER'S  STORAGE  COMPARTMENTS  ARE 
PROPER  FOR  TIE  PRODUCT  IT  WILL  CONTAIN.  PRODUCT  m NOT  BE  LOADED  INTO 
APCI  CONTAINERS  WITH  IMPROPER  FIXED-EUD3.  OR  CONTAINERS  WHICH  CONTAIN 
TRANSFER  HOSES  WITH  IMPROPER  H0SE-END3. 


4.4.1  Exhibit  **C"  of  this  section  depicts  and  provides  derailed 

information  on  container  fixed-ends,  and  hose-ends  which  are 
approved  (proper)  for  use  in  product  se  ice  (Oxygen,  Nitrogen, 

Argon,  and  Crude  Argon)  covered  by  this  section. 

4.4.1.1  Rail-cars  are  fitted  wjth  3"  connections.  The  fixed-ends 
are  depicted  by  items(b)and(c)of  Exhibit  "C*.  Rail-cars 
must  have  the  proper  fixed-ends  for  the  product  being 
loaded. 

4*4.2  The  loader  should  also  be  assured  that  all  of  the  vehicle  placarding 
will  name  one  product  only  (the  name  of  the  product  being  loaded). 

4.4*3  The  visual  inspections  directed  by  the  above  shall  be  performed 

prior  to  the  loading  since  the  container  ( may  7 .ve  been  spotted  by 
drivers  of  previous  work  shifts,  or  the  container  may  have  been 
tagged  to  indicate  certain  equipment  to  be  in  100(11  of  check-out, 
repairs,  or  inoperable. 
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4.5  The  control  compartments  of  containers  to  be  filled  with  oxygen  oust  be 
free  of  rags,  papers,  soiled  gloves,  etc.  The  cold  piping  will  require 
an  occasional  de-icing  (steam-off)  in  order  to  render  valves  and  controls 
accessible  and  operable. 


4.6  AH  containers  to  be  loaded  will  have  residual  contents  sampled  and 

analyzed  for  impurities , prior  to  loading  (See  Sec . 6.3.1).  Any  sample 
analysis  yielding  impurities  in  amounts  excessive  of  the  maximum  permis sable 
impurity  limitations  established  by  I.G.D.  Product  Specifications  (Section 
10,  District  Operations  Manual)  will  temporarily  detain  loading  until  an 
evaluation  can  be  made  with  regard  to  the  following: 


(a)  The  specific  amount  of  impurities  whicn  can  be  tolerated  in  a 
cryogenic  container  prior  to  loading  will  vary  dependent  on  the 
amount  of  liquid  remaining  in  the  container,  the  degree  of  contam- 
ination in  the  residual  liquid,  and  the  purity  and  amount  of  liquid 
to  be  added  during  loading.  Since  these  factors  may  vary  from  one 
container  to  another,  it  is  impossible  to  list  such  criteria  herein. 


(b)  It  should  be  realized  the  impurities  in  liquid  remaining  in  a 
container  prior  to  filling  may  exceed  the  impurity  limits  of 
I.G.D.  Product  Specifications  (Section  10,  District  Operations 
Manual);  since  the  degree  of  such  impurity  will  diminish  in 
proportion  to  the  liquid  (liquid  of  high  purity)  being  added 
during  loading.  Such  condition  will  require  a serious  evaluation 
with  regard  to  the  end  result  (product-purity  after  loading). 

Prior  to  proceeding  to  load  such  container. 

(c)  The  decision  to  proceed  loading,  or  to  purge  the  container  prior 
to  filling  will  be  at  the  discretion  of  the  District  Manager  of 
the  facility.  However,  at  no  time  will  product  which  is  below 
I.G.D.  Product  Purity  Specification  (Section  10,  District  Operations 
Manual)  be  loaded  into  containers  for  shipment  except  as  permitted 
by  Par.  5.2.1  of  this  specification. 

4.6.1  Proceed  to  loading  upon  completion  of  the  above,  and  upon 
compliance  with  the  necessary  safety  considerations. 


5.  FILLING 


5.1  Couple  the  container  to  be  filled  to  the  facility's  cryogenic  storage 
tank.  Utilize  the  container's  flash-vent  and  comply  with  standard 
purge  and  fill  procedures  applicable  to  the  container  being  filled. 

5.1.1  The  facility  operations  personnel  (operator)  shall  conduct  a 
cursory  visual  inspection  for  condition  of  the  fill-equipment 
each  time  a container  is  filled.  Observance  of  any  irregu- 
* larities  will  necessitate  a detailed  examination  of  itemvs) 
in  question. 

NOTE:  Transfer  hoses  must  be  in  good  condition  and  remain 
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— dust-capped  at  all  times  except  when  in  use.  Fill- 
fittings  and  mating  parts  (unions)  oust  be  clean  and 
free  of  deep  nicks  or  scores.  All  oxygen,  nitrogen, 
and  argon  transfer  connections  must  remain  dust-capped 
except  when  in  use. 


5*1*2  Certain  APCI  facilities  are  equipped  with  flash-vapor  recovery 
system.  Such  recovery  systems  can  be  utilized  only  when  the 
container's  residual  liquid  meets  I.G.D.  Product  Purity  Specifi- 
cation requirements.  Certain  other  conditions  also  make  usage 
of  such  recovery  systems  undesirable.  Consequently,  usage  will 
be  entirely  dependent  on  policy  of  the  facility  and  requires 
approval  by  the  Facilities  Operations  Manager,  "I.G.D." 


5.2  The  contents  of  the  container  must  be  sampled  and  analyzed  again,  after 
filling  (See  Sec.  P.3.1-3).  The  analysis  results  will  be  recorded  on 
I.G.D.  Form  3096  (Exhibit  "B"),  and  also  on  I.G.D.  Tag  Form  P-L  No.  1 
(Exhibit  "A")  representing  the  loaded  container.  The  P-L  Tag  No.  1 will 
be  filled-out  in  detail  and  attached  to  the  container's  product-drain 
valve  (outlet,  unloading,  or  discharge  valv<*-)  in  a secure  manner. 


5.2.1  Product  purity  must  meet  the  requirements  set  forth  by  applicable 
I.G.D.  Product  Purity  Specifications  (Section  10  of  the  District 
Operations  Manual)  prior  to  its  release  for  shipment  to  customers. 
The  (mly  exception  to  this  policy  will  be  intra-district  shipments 
as  defined  by  the  following: 


*192*1* 


12&=  In  some  cases,  shipments  of  product  which  do 
not  meet  I.G.D.  Product  Parity  Specifications 
may  be  made  to  other  APCI  I.G.D.  facilities 
for  further  purification. 


6.1  All  bulk  shipments  will  be  labeled  using  I.G.D.  Product  Labeling  Tag  (P-L 
Tag  No.  1)  prior  to  releasing  the  container  for  shipment  to  customer.  A 
facsimile  of  the  P-L  Tag  So.  1 is  depicted  in  Exhibit  W.  The  P-L  Tag 
No.  1 provides  spaces  for  recording  the  following  pertinent  data.  It  shall 
be  filled-out  in  detail. 

(a)  Name  of  the  facility  where  container  was  loaded 

(b)  Name  of  the  product  in  the  container 

(c)  Container  description  (tanker,  trailer,  railroad  tanker, 

pumper,  etc.)  and  identification  number 

*(d)  Purity  of  the  product  in  the  container 

*(e)  Amounts  of  impurities,  when  required  to  meet  particular 
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— —customer  specifications:  e.g.  dew  point,  ppm  oxygen 

in  nitrogen  or  argon,  total  hydrocarbons  in  oxygen 

(f)  Total  quantity  of  product  in  the  container,  (may  be  omitted: 

not  for  billing  purposes) 

(g)  Date  and  time  container  was  filled;  name  (signature)  of 

person  who  filled  the  container 

*Purity  and  impurity  analysis  will  be  performed  on  the  product  in 
the  bulk  container,  not  on  the  product  used  in  filling  the  container. 
Use  cryogenic  samplers  if  necessary. 
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PRODUCTS  ANALYSIS:  Ultra  high  purity  Argon,  Puragon,  Helium,  High  purity  Hydrogen 
Ultra  high  purity  Hydrogen,  High  purity  Nitrogen,  Ultra  high  purity  Nitrogen,  Oxygen 


This  form  Kill  be  used  by  districts  in  reporting  the  results  of  daily  product 
analyses  as  required  by  the  Filling  Procedures  described  by  Sections  3.2. 1.1, 

3* 2. 1.2,  3>2.1.3f  3* 2. 1.4,  and  3.2.1. 5 of  the  "I.C.D."  District  Operations 
Manual.  Districts  should  use  a separate  form  for  each  gas  filled,  and  circle 
the  gas  analysed.  One  (1)  copy  of  the  completed  form  should  be  retained  by 
the  district,  and  one  (1)  copy  forwarded  to  the  attention  of  the  Chief  Engineer, 
"I.C.D. ",  Allentown,  Pennsylvania.  The  completsd  forms  shall  be  transmitted  on 
monthly  basis  during  the  first  week  of  the  month. 

(b)  Districts  should  also  use  this  form  to  record  shipment  of  quality  control 

samples  to  the  "I.C.D."  Quality  Control  Laboratory,  as  required  in  Section  6.3 
of  the  "I.C.D."  District  Operations  Manual. 
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DOTES:  All  Doms  are  10  ft.  long. 

All* Do 8e  end  connections  are  equipped  with  dust  plug  and  chain  assembly. 

All  adapter  assemblies  are  equipped  with  dust  cap  and  chain  assembly • 
All  above  items  stocked  by  Spare  Farts  Department  under  code  lumbers  shown 
in  parenthesis. 

Part  Bos.  (a-l)  and  (a-2)  hose  union  assasblles  are  actually  sub-assemblies 
or  complete  hose  assemblies  (a).  These  union  assemblies  are  also  stocked 
by  Spare  Parts  Department  under  code  lumbers  shown. 

Hew.  12/5/62  Her.  U/19/63 
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EXHIBIT  "C 


STANDARDS  FOR  LIQUEFIED  GASES  TRANSFER  HOSES  AND  CONNECTIONS 


OXYGEN 


To 

Liquid** 

Trailer 


Size: 

Use: 

Maximum  Working  Pressure: 

AFCX  Part  Numbers: 

(a)  Transfer  Bose  Assembly: 
(a-l)  Bose  Union  Assembly: 

it)  Trailer  Adapter  Assembly: 
c Tank  Adapter  Assembly: 
d)  Gasket: 

Pipe  Cbnneetlons  (x): 


mEi 


Pressure  Transfer 
50  PSIG 


1-1/2" 

Pump  Transfer 
300  PSIG 


To 

Liquid 

Tank 


62917A 

62766C 

62763c 

62763C 
62744a 
3-1/8" 
3"  HPT 


3- 421-69-0002) 

5-916-17-0007) 

5-916-I7-OOO2) 

5-916-I7-OOO2) 

4- 372-O3-OO28) 
0.D*  Female  Sweat 


62916A 

62768c 

62755C 

627550 

62751A 

1-5/8" 

1-1/2" 


(3-421-69-0003) 

(5-916-17-OOO6) 

5-916-I7-OOO3) 

1 5-916—17-0003) 
1,4-372-03-0029) 
O.D.  Female  Sweat 
NPT 


NITROGEN,  ARGON,  AN0  CRUDE  ARGON 


To 

Liquid^ 

Trailer 


Size: 

Use: 

Maximum  Working  Pressure: 
AFCX  Part  Numbers: 

(a)  Transfer  Bose  Assembly: 


Pressure  Transfer 
50  PSIG 


1-1/2" 

Pump  Transfer 
300  PSIG 


To 

Liquid 

Tank 


62918A  (3-421-69-0004)  62935A  (3-421-69-0005) 


(a-l)  Hose  Union  Assembly:  6276IC  ( 5-916-17*^008 ) 

Trailer  Adapter  Assembly:  627480  ( 5-916-17-0004) 


S Trailer  Adapter  Assembly: 
Tank  Adapter  Assembly: 
Gabket: 

Pipe  Connections  jxj: 


62761C  (5-916-17*0008)  62774C  (5-916-17-0001) 

62748C  (5-916-17-0004)  62771C  (5-916-17-0005) 

62748C  (5-916-17-0004)  62771C  (5-916-17-0005) 

62744a  (4-372-O3-OO28)  62751A  (4-372-03-0029) 

3-1/8"  O.D.  Female  Sweat  1-5/8"  O.D.  Female  Sweat 

3“  HPT  1-1/2"  NPT 


See  notes  on  reverse  side  of  page 
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PURGING  METHODS 


1.  PURPOSE 

This  standard  discusses  the  various  purpe  methods  and  establishes  a safety 
factor  when  the  purpe  procedure  involves  a flammable  gas. 

2.  score 

This  standard  covers  all  applications  and  operations  where  it  is  necessary 
to  remove  contaminants  from  equipment  systems  and  product  storape  containers 
prior  to  placing  the  system  into  service  for  the  first  time,  opening  it  up 
to  perform  maintenance,  or  changing  product  service  to  prevent  the  format  ion 
of  flammable-oxidant  mixtures  within  the  systems. 

3.  PURGE  MEDIA 


Nitrogen,  readily  available  at  most  AFCI  locations,  is  the  purpe  media  app- 
licable to  this  standard.  The  other  inert  gases,  helium,  argon,  carbon 
dioxide,  or  any  other  material  which  will  effectively  eliminate  the  contami- 
nant without  introducing  other  problems  or  hazards  to  the  system  may  also 
be  used  as  purge  media. 

4.  SAFETY  FACTOR 

In  cases  involving  flammable  gases,  purging  operations  must  continue  until 
the  remaining  concentration  is  fifty  percent  (505?)  of  the  lower  flammability 
limit  (IEL)  of  the  flammable  gas,  fifty  percent  (50$)  of  the  minimum  allow- 
able concentration  of  oxygen  (MAC-0)  needed  for  re  :tion  when  usinp  nitrogen 
as  a diluent,  or  fifty  percent  (50$)  of  the  maximum  allowable  concentration 
of  fuel  gas  (MAC-F)  needed  for  reaction  when  usinp  nitrogen  as  a diluent. 

5.  DATA 

Figure  No.  1,  attached,  is  the  flammability  diagram  of  mixtures  of  methane, 
air,  and  nitrogen,  and  shows  the  quantitative  composition  relationships  be- 
tween the  components.  The  explanation  of  Fipure  No.  1 is  applicable  to  the 
flammability  diagrams  of  the  other  flammable  gases. 


Table  No.  1 lists  the  flammability  limits  and  autoignition  temperatures  of 
some  of  the  more  common  flammable  gases.  The  table  also  lists  the  minimum 
concentration  of  oxygen  needed  for  reaction  and  the  maximum  fuel  pas  needed 
for  reaction  when  nitrogen  is  the  inert  gas  used  for  purging.  The  above 
minimum  oxygen  and  maximum  fuel  gas  limits  are  not  applicable  if  an  inert 
gas  other  than  nitrogen  is  used. 


6.  DEFINITIONS 


A.  Lower  Flamnftbtut.ir  Ltmtt..  also  known  as  Lower  Explosive  Limit  (UEL)  is  g 
the  lowest  volume  percent  of  fuel  gas  mixed  in  air  which  is  capable  of  «g 
being  ignited.  Z> 

Line  BE  on  Figure  No.  1 
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6.  DEFINITIONS  (Cont.) 

B.  uppar  pAiwnabllity  Limit,  also  known  as  Upper  Explosive  Limit  (llEL)  is  the 
highest  volume  percent  of  fuel  gas  mixed  in  air  which  is  capable  of  being 
ignited. 

Line  CE  on  Figure  No.  1 

c.  Minimum  Allowable  Concentration  of  Oxygen  (MAC-0)  is  the  volume  percent 
of  oxygen  below  which  a reaction  with  a fuel  gas  is  impossible  when  using 
nitrogen  as  a diluent  or  purge  gas  in  a system. 

Point  E on  Figure  No.  1 

D.  Maaflaatt  Allowable  Concentration  of  Fuel  Gas  (MAC-F)  is  the  volume  percent  of 
fuel  gas  with  nitrogen  as  a diluent  below  which  a reaction  with  oxypen  is 
impossible. 

Line  EF  on  Figure  No.  1 

7.  PURGING  METHODS 

Purging  of  a system  or  a vessel  can  be  accomplished  in  several  different  ways. 

A.  Pressure  Purge 

B.  Evacuation  Purge 

C.  Combination  of  Pressure  and  Evacuation  Purges 

D.  Flow-through  Purge  or  Displacement  Purge 

The  method  selected  may  be  determined  by  the  design  of  the  equipment  (pressure 
and  temperature),  volume  of  equipment,  availability  of  economic  purge  materials 
compatibility  of  purge  media  with  service  of  equipment,  and  the  time  available 
to  perform  the  purge. 

1.)  Pressure  Puree 

Pressure  purge  is  accomplished  by  diluting  the  normal  product  at 
one  (l)  atmosphere  of  pressure  in  a system  with  an  inert  gas  such 
as  nitrogen.  The  higher  the  purge  pressure  applied  within  the  de- 
sign of  the  system,  the  greater  the  dilution  effect  when  the  system 
is  again  reduced  to  one  • l)  atmosphere.  The  pressure  purge  may  be 
repeated  as  many  times  as  necessary  to  eliminate  the  hasard  in  flam- 
mable gas  systems.  A formula  has  been  developed  which  becomes  a 
useful  tool  in  determining  the  purge  pressure  required  to  adequately 
purge  a system  to  the  desired  level.  This  formula  is  listed  below: 


X = 
where  X * 
Y - 
Cl  « 

CF  « 


the  purge  pressure  in  atmospheres, 
the  number  of  pressurization  cycles, 
the  concentration  of  contaminant  at 
start  of  purge,  volume  percent, 
the  required  or  final  concentration  of  con- 
taminant at  end  of  purge,  volume  percent. 


All  inforaiati**  berm  It  tfct  ctuftrftiiltal  prtptrty  «f  Air  NAcH  and 
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PURGING  METHODS 


Example  1:  To  determine  the  pressure  required  to  purge  a 

methane  tank  of  air  prior  to  admitting  methane. 

The  purge  gas  is  nitrogen.  This  condition  is 
typical  of  placing  a system  into  service  for  the 
first  time  or  where  it  is  returned  to  service 
after  it  has  been  opened  for  maintenance. 

Known:  Cl  9 21$,  the  oxygen  content  of  air. 

CF  9 6$,  refer  to  Table  No.  1 (Methane)  under 
minimum  percent  oxygen  and  apply  the  50$ 

Safety  Factor  to  12.1$. 

Y = Assume  two  (2)  purge  cycles. 

yci  2/21 

CF  = \y  6 9 1.87  atmospheres 

or  27.5  psi 


NOTE:  If  the  calculated  purge  pressure  is  less  than 

the  design  pressure  of  the  system,  in  this  case, 
two  (2)  pressure  purge  cycles  are  adequate.  If 
the  calculated  purge  pressure  is  greater  than 
the  design  pressure,  it  will  be  necessary  to  in- 
crease the  number  of  purge  cycles  to  reduce  the 
purge  pressure  to  a workable  level. 

Example  2:  To  determine  the  pressure  required  to  purge  a methane 

tank  of  methane  prior  to  admitting  air.  The  purge  gas 
is  nitrogen.  This  condition  is  typical  of  removing  a 
system  from  flammable  gas  service  prior  to  opening  it 
for  repairs  or  other  purposes: 

Known:  Cl  9 100$,  the  methane  in  the  system. 

CF  9 7.1$,  refer  to  Table  No.  1 (Methane)  under  maximum 
percent  fuel  and  apply  the  50$  Safety  Factor  to 
14.2$ 

Y 9 Assume  two  (2)  purge  cycles. 

yCI  2 / 100 

CF  9 \Y  7.1  9 3.76  atmospheres 

or  54.27  psi 

NOTE:  The  gas  being  vented  at  the  end  of  the  first 
purge  cycle  is  flammable,  therefore  releasing 
of  this  gas  must  be  accomplished  by  venting  out- 
of-doors,  or  tnrough  a stack  venting  out-of-doors, 
in  an  area  free  from  ignition  sources. 


The  gas  being  vented  during  the  final  purge  cycle  in 
the  above  two  (2)  examples  and  similar  conditions  must 
be  monitored  for  oxygen  and/or  flammable  gas  content  as 
applicable.  An  oxygen  analyzer  and  an  explosimeter  are 
the  inst*  clients  to  use. 


1 omiCUmjbaA 
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2. )  Evacuation  Purge 

Evacuation  purge  procedure  implies  that  the  contaminant  is  withdrawn 
from  the  system  by  removing  it  with  a vacuum  pump  and  then  dilutinp 
the  residual  gas  by  breaking  the  vacuum  with  an  inert  gas  such  as 
nitrogen.  Evacuation  purge  is  limited  to  systems  which  are  designed 
with  materials  of  construction  to  withstand  the  external  forces  on 
the  system  while  under  vacuum.  Atmospheric  storage  tanks  and  liquid 
tanks  generally  cannot  be  subjected  to  an  evacuation  purge  because 
of  the  danger  of  collapse. 

A single  evacuation  of  a system  is  capable  of  reducing  the  concen- 
tration of  the  contaminant  to  a level  of  about  7.6$  of  the  system 
volume.  If  the  contaminant  being  removed  is  air,  the  residual  ox- 
ygen is  about  1.6$.  This  level  of  oxygen  contamination  is  well  be- 
low where  it  would  become  a problem  with  most  flammable  gases. 

Additional  evacuation  cycles,  including  a breaking  of  the  vacuum 
with  an  inert  gas,  may  be  used  to  further  reduce  the  contamination 
level. 

3. )  Combination  of  Pressure  and  Evacuation  Purges 

This  method  of  purging  combines  the  pressure  and  evacuation  purge 
methods.  The  combined  methods  may  allow  completion  of  a purge  oper- 
ation more  quickly. 

4. )  Flow-through  or  Displacement  Purge 

An  inert  purge  gas,  and  in  some  applications  a liquid  flowing  through 
a vented  system  will  displace  any  contaminant  gas  from  the  system. 
Uncomplicated  systems,  such  as  transfer  lines,  can  be  effectively 
purged  using  a flow-through  technique.  All  connecting  piping,  dead 
legs,  etc.,  must  be  blown  out  individually.  "Plug"  flow,  rather 
than  turbulent  flow  is  recommended.  The  discharge  from  a system 
must  be  monitored  by  analyzers  or  other  instrumentation  to  make 
certain  the  contaminant  has  been  displaced  to  a level  below  which 
it  no  longer  is  a problem. 

8.  MON  IT  PRIM}  INSTRUMENTS 

It  is  recommended  that  purging  operations  be  monitored,  particularly  when  the 
equipment  being  purged  is  large,  the  system  is  complicated,  and  as  a check  upon 
the  adequacy  of  the  purging  procedure. 

An  explosimeter  should  be  used  to  detect  the  presence  of  residual  amounts  of 
flanmable  gases  when  the  equipment  being  purged  has  contained  flammable  gases. 


A false  reading  will  be  obtained  on  an  explosimeter  when  air  is  not  added  to 
the  sample  of  nitrogen-fuel  purge  gas.  It  is  necessary  that  a dilution  or  mix- 
ing valve  be  part  of  the  explosimeter  in  order  to  obtain  meaningful  analysis 
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PURSING  METHODS 


8.  MONITORING  INSTRUMENTS  (Cent.) 
with  the  instrument . 

An  oxygen  analyzer  should  be  used  to  detect  the  presence  of  oxygen  within  the 
equipment  prior  to  admitting  flammable  gases. 

9.  HAZARDS 

Several  hazards  must  be  considered  during  purge  operations  with  all  purge 
methods.  When  the  purge  gas  used  is  an  inert  gas,  the  hazard  of  asphyxiation 
is  present.  Adequate  ventilation  is  required  to  reduce  the  hazard.  Large 
volumes  of  inert  purge  gas  must  be  vented  out-of-doors. 

A fire  and  explosion  hazard  exists  whenever  equipment  to  be  purged  contains 
flammable  gaser . Tenting  of  these  systems  must  be  out-of-doors  in  areas 
away  from  sources  of  ignition. 

10.  REFERENCES 


Bulletin  627,  Bureau  of  Mines,  Flammability  Characteristics  of  Combustible 
Gases  and  Vapors,  Zabetakis,  M.G. 

Bulletin  503,  Bureau  of  Mines,  Limits  of  Flammability  of  Gases  and  Vapors, 
Coward,  H.  F.  and  Jones,  G.  W. 

Air  Products  and  Chemicals,  Inc.,  Technical  Data  Book. 
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RELATION  BETWEEN 
QUANTITATIVE  COMPOSITION 


FLAMMABILITY  CF  MIXTURES 


METHANE,  AIR, 
AND  NITROGEN 


Figure  No.  1 


v'Tapable  of  forming 
'n.ammable  mixtures  with 
air  (contain  too  much 
methane  to  explode  per 
se.)  -i 1 


Not  capable  cf  I 
forming  flammable 
mixtures  uith  air 


Methane,  Percent 

The  straight  line  AD  represents  the  composition  of  all  mixtures  cf  methane 
and  pure  air  that  contain  up  to  20$  methane.  No  mixture  of  methane  tad  air 
can  fall  above  this  line,  and  all  mixtures  of  methane,  air  and  nitrogen  must 
fall  below  it.  The  line  BE  is  the  line  of  lower  limits  of  flammability  of 
methane,  and  CE  the  line  of  higher  limits.  As  the  oxygen  content  falls,  BE 
and  CE  approach  each  other  until  they  meet  at  E.  No  mixture  which  contains 
less  oxygen  than  that  corresponding  with  E is  explosive  per  se.  but  all  mix- 
tures in  the  area  BEC  are  within  the  limits  of  flammability  and  are  there- 
fore explosive. 

Next,  consider  any  mixture  to  the  right  of  line  CEF;  e.g.  the  mixture  repre- 
sented by  G.  Join  GA,  then  GA  represents  the  mixtures  formed,  in  succession, 
as  G is  diluted  with  air.  Because  GA  passes  through  the  area  BEC,  the  mix- 
ture, as  it  is  diluted  with  air,  becomes  explosive  and  remains  so  as  long  as 
its  composition  is  represented  by  any  point  on  HJ. 

It  will  now  be  clear  that  the  position  of  FE  is  exactly  defined  by  drawing  a 
tangent  from  A to  the  curve  BEC  and  extending  the  tangent  to  meet  the  axis  of 
abscissas  in  F,  because  the  line  joining  any  point  above  and  to  the  right  of 
FE  to  A must  pass  through  BEC,  while  the  line  joining  any  point  below  and  to 
the  left  of  FE  to  A must  fail  to  pass  through  the  explosive  region  BEC.  FE 
is  therefore  the  boundary  of  those  mixtures  capable  of  forming  explosive  mix- 
tures with  air. 
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TABLE  NO.  1 


FORMULA 


VOLUME  % 
LONER  UFIER 


PERCENT  NEEDED  FOR 
REACTION  WITH 

AS 


OKXGEN 


AUTOIGNITION 
TEMPERATURE  «F. 


Acetylene 

caH2 

2.5 

81.0 

- 

- 

580 

Am&onia 

nh3 

15.0 

28.0 

- 

- 

1204 

Butadiene,  1,  3- 

C4% 

2.0 

11.5 

10.4 

4.9 

788 

Butane,  iso 

C4Hio 

1.00 

8.4 

12.0 

6.2 

864 

Butane,  normal 

Cifyo 

1.8 

8.4 

12.1 

6.3 

764 

Butene,  1- 

C4H 

1.6 

10.0 

11.6 

3.5 

728 

Butene,  2- 

& 

1.7 

9.70 

— 

• 

620 

Carbon  Monoxide 

12.5 

74.2 

5.6 

20*0 

1128 

Carbonyl  Sulfide 

cos 

11.9 

29.0 

- 

- 

- 

Cyanogen 

c2**2 

6.0 

42.6 

- 

- 

- 

Cyclopropane 

2.4 

10.4 

11.7 

5.4 

932 

Ethane 

C§l6 

3.0 

12.4 

11.0 

7.8 

960 

Ethylene 

C2% 

2.7 

32.0 

10.0 

5.5 

914 

Ethylene  Oxide 

C2H4° 

3.0 

100.0 

- 

- 

804 

Hydrogen 

»2 

4.0 

75.0 

5.0 

5.0 

752 

Hydrogen  Sulfide 

4.0 

44.0 

- 

• 

500 

Methane 

CHjl 

5.0 

15.0 

12.1 

14.2 

1004 

Methylamine,  Mono- 

CH^JH2 

4.9 

20.7 

- 

- 

806 

Methylamine,  Di- 

(cr3)2nh 

2.8 

14.4 

- 

- 

806 

Methylamine,  Tri- 

(ch3)3N 

2.0 

11.6 

- 

- 

374 

Methyl  Chloride 

CH3C1 

10.7 

17.4 

- 

- 

1170 

Methyl  Ethyl  Ether 

oftocaHe 

2.0 

10.0 

- 

- 

374 

Pentane,  Neo 

C5H12 

1.4 

7.8 

12.1 

5.7 

500 

Propane 

C|H8 

2.2 

9.5 

11.4 

6*6 

642 

Propylene 

2.4 

11.10 

11.5 

5.4 

860 

Vinyl  Chloride 

C2H3CI 

3.6 

33.0 

- 

• 

882 
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INDUSTRIAL  SAFETY  POLICY 


1.  PURPOSE 

This  safety  standard  defines  toe  supervisory  responsibility  for  safety 
throughout  the  company. 

2.  SCOPE 

This  safety  standard  encompasses  all  levels  of  supervision  and  it  is  to 
be  used  as  a guide  in  the  daily  responsibility  for  safety. 

3.  OBJECTIVE 

Air  Products'  concept  is  not  production  and  safety  as  exemplified  by  the 
well  known  idiom  of  "Safety  First  ; rather  it  is  production  with  safety 
in  the  sense  that  safety  is  a production  tool.  When  production  with 
safety  is  achieved,  production  with  efficiency  is  attained  simultaneously. 

Although  Senior  Management  has  major  responsibility  for  establishing 
definite  safety  policies,  procedures,  and  safe  working  conditions,  most 
of  what  is  planned  and  established  must  reach  the  employee  on  the  Job 
by  way  of  the  First -Line  Supervisor  who  is  in  frequent  and  close 
association  with  employees. 

Safety  as  a line  function  must  be  accepted  by  every  supervisor  as  a part 
of  his  assigned  responsibility  and  by  every  employee  as  a production  tool. 

A.  ORGANIZATION 

Senior  Management  shall  be  responsible  for  the  inception  and  effectiveness 
of  the  safety  program  throughout  the  company. 

The  Safety  Department  shaH  be  responsible  for  the  establishment  of 
corporate  safety  policy  and  programs  and  for  periodic  review  of  the 
safety  program  at  each  facility. 

The  Department  Manager  snail  be  accountable  to  Senior  Management  for  all 
accidents  resulting  from  activities  within  his  control  and  shall  be 
responsible  for  the  effective  operation  of  the  safety  program  within  his 
department. 

The  Region  or  Section  Manager  shall  be  accountable  to  the  Department 
Manager  for  all  accidents  resulting  from  activities  within  his  Juris- 
diction and  shall  further  be  responsible  for  the  effectiveness  of  the 
safety  program  within  his  region  (or  section). 

I.ie  Plant  or  District  Manager  shall  be  accountable  to  the  Region  or 
Section  Manager  for  all  accidents  resulting  from  activities  within 
his  control  He  shall  further  be  responsible  fcr  the  effectiveness 
of  the  safety  program  within  his  plant  or  district. 
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INDUSTRIAL  SAFETY  POLICY 


4.  ORGANIZATION  (Conti) 

The  First  Line  Supervisor  (Foreman,  Shift  Supervisor,  etc. ) shall  be 
accountable  to  the  Plant  or  District  Manager  for  all  accidents  resulting 
from  activities  under  his  supervision.  He  shall  be  responsible  for  the 
effectiveness  of  the  safety  program  in  connection  with  all  operations 
in  which  he  may  become  involved. 

From  time  to  time  it  is  necessary  to  set  up  special  groups  or  task  forces 
to  handle  particular  problems;  for  example,  special  engineering  projects 
or  construction  activities.  In  these  instances,  the  supervisors  at  the 
various  levels  of  the  group  shall  operate  under  the  basic  philosophy  that 
safety  is  a line  function.  They  shall  be  accountable  for  all  accidents 
resulting  from  activities  within  their  Jurisdiction  and  shall  be  responsible 
for  the  effectiveness  of  the  safety  program  within  their  realm  of  responsi- 
bility. 

5.  GfflffiRAL  RESPONSIBILITIES 

A.  Senior  Management 

Senior  Management  shall  be  responsible  for  the  inception  and  effective- 
ness of  the  corporate  safety  program.  They  shall: 

(1)  Provide  the  direction,  incentive,  and  motivation  to  insure  a 
dynamic  safety  program  throughout  the  company. 

(2)  Delegate  to  each  Department  Manager  the  authority  to  provide  safe 
equipment  and  a safe  working  environment  in  their  specific  areas. 

(3)  Consult  with  the  Safety  Department  in  the  interest  of  constantly 
affecting  improvement  in  the  operation  of  the  safety  program. 

(4)  Review  reports  and  analyses  from  the  Safety  Department  for  the 
purpose  of  evaluation  of  the  safety  program. 

B.  Safety  Department 

The  Safety  Department  will  have  a snaff  relationship  to  every  department 
of  the  company  concerning  all  safety  matters.  The  Safety  Department 
shall: 

(1)  Formulate  corporate  safe  policy  and  the  overall  safety  program. 

(2)  Perform  periodic  safety  Inspections  at  all  company  facilities, 
report  on  conditions  observed  and  recommend  remedial  action 
where  necessary. 
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INDUSTRIAL  SAFETY  POLICY 
3.  QaSERAL  RESPONSIBILITIES  (Contd) 

B.  Safety  Department 

(3)  Procure  and  disseminate  safety  information  to  all  departments  of 
the  company. 

(4)  Review  and  analyze  safety  reports  from  the  various  facilities 
and  make  such  recommendations  as  are  necessary. 

(3)  Compile  statistics  with  regard  to  the  frequency,  severity,  and 

causes  of  accidents  and  recommend  corrective  action  to  management. 

(6)  Be  available  to  all  departments  for  consultation  on  any  and  all 
safety  problems. 

C.  Department  Managers 

The  Department  Manager  shall  be  responsible  to  Senior  Management 
for  the  prevention  of  accidents  and  the  effectiveness  of  the  safety 
program  within  his  department.  He  shall: 

(1)  Delegate  authority  for  the  control  of  accidents  to  the  various 
supervisors  reporting  to  him. 

(2)  Amplify  and  clarify  procedures  as  necessary  to  insure  compliance 
within  his  area. 

(3)  Consult  with  the  Safety  Department  in  the  interest  of  constantly 
affecting  improvement  in  the  operation  of  the  safety  program. 

(4)  Review  reports  and  analyses  from  the  Safety  Department  for  the 
purpose  of  evaluation  of  his  safety  program. 

D.  Region  or  Section  Managers 

The  Region  or  Section  Manager  shall  be  responsible  to  the  Department 
Manager  for  accidents  and  for  the  effectiveness  of  the  safety  program 
within  his  region  or  section.  He  shall: 

(1)  Delegate  authority  for  the  control  of  accidents  to  each  District 
or  Plant  Manager. 

(2)  Delegate  to  the  Safety  Engineer  or  Supervisor  (if  such  a position 
is  included  in  his  organization)  such  authority  as  is  required 
to  insure  an  effective  and  dynamic  safety  program  within  his 
region  or  district. 
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5.  GENERAL  RESPONSIBILITIES  (Contd) 

D.  Region  or  Section  Managers 

(3)  Consult  with  the  Safety  Department  in  the  interest  of  constantly 
affecting  improvement  in  the  operation  of  the  safety  program. 

(4)  Review  all  aspects  of  safety  with  the  Safety  Department  and  each 
District  or  Plant  Manager. 

(5)  Review  the  monthly  summary  of  injury  form  (Form  2021)  with  each 
District  or  Plant  Manager. 

E.  Plant  or  District  Manager 

The  Plant  or  District  Manager  shall  he  responsible  for  the  prevention 
of  accidents  and  for  the  effectiveness  of  the  safety  program  within 
his  plant  or  district.  Be  shall; 

(1)  Delegate  authority  for  the  control  of  accidents  to  the  various 
supervisors  and  foremen  reporting  to  him. 

(2)  Delegate  to  the  Safety  Supervisor  (if  such  a position  is  included 
in  his  organization)  such  authority  as  is  required  to  insure  an 
effective  and  dynamic  safety  program  within  his  plant  or  district. 

(3)  Delegate  authority  to  the  various  foremen  for  the  administration 
of  the  safety  program  within  the  scope  of  their  operations. 

(4)  Hold  not  less  than  one  safety  meeting  a month  at  all  locations 
where  manufacturing  and  operations  activities  are  performed. 
Representatives  of  both  hourly  and  supervisory  employees  shall  be 
included  an  a rotating  basis. 

(5)  Investigate  ell  accidents  with  the  supervisor  involved. 

(6)  Consult  with  the  First  Line  Supervisors  on  individual  and  joint 
problems  relating  to  the  safety  program. 

(7)  Keep  equipment  in  top  operating  condition  and  set  up  and  maintain 
a satisfactory  housekeeping  program. 

(8)  Maintain  the  following  accident  records  as  received  from  the 
First  Line  Supervisor: 

a.  First  Aid  Report  (Form  2019). 

b.  First  Report  of  Accident  (Form  LC-2680;  Florida  only. 

Form  LC-3621). 
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W.  L.  BAIL 


Approval  Softly  Director 
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5*  GENERAL  RESPONSIBILITIES  (Contd) 


E.  Plant  or  District  Manager 

(8)  Maintain  the  following  accident  records  as  received  from  the 

First  Line  Supervisor:  (Contd) 

c.  Supervisor's  Accident  Investigation  Report  (Farm  2020) 

d.  Near  Accidents,  Unsafe  Practices  or  Conditions  (Foxm  2023) 

(9)  Prepare  and  submit  the  following  report: 

a.  Monthly  Summary  of  injuries  (Form  2021) 

Original  - Safety  Department 
One  Copy  - Facility  Files 

F.  First  Line  Supervisors  (Foremen,  Shift  Supervisors,  etc.) 

Each  First  Line  Supervisor  shall  be  responsible  to  the  Plant  Manager 
for  the  prevention  of  accidents  to  employees  and  equipment  under  his 
supervision,  and  shall  incorporate  the  following  into  his  principal 
duties: 


(1)  Teach  employees  that  accidents  are  caused  and  they  can  be 
prevented. 

(2)  ‘Peach  each  employee  what  the  hazards  are  on  his  Job  and  bow  to 
avoid  them. 

(3)  Impart  to  each  employee  the  understanding  that  the  violation  of 
established  safety  rules  will  rot  be  tolerated. 

(b)  See  that  needed  safety  equipment  and  protective  devices  are 
provided  for  each  Job. 

(5)  Take  prompt  corrective  action  whenever  unsafe  conditions  and 
unsafe  acts  are  noted. 

(6)  Instill  a safety  awareness  in  each  employee  through  personal 
safety  contacts. 

(7)  Conduct  safety  appraisals  of  his  section.  This  Includes  a careful 
check  of  all  new  and  relocated  equipment  before  placed  in  operation. 


(8)  Give  full  support  to  all  safety  activities  and  safety  procedures. 
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5.  QMERAL  RESPONSIBILITIES  (Contd) 

F.  First  Line  Supervisors  (Foremen,  Shift  Supervisors,  etc.) 

(9)  Investigate  and  find  the  cause  of  all  accidents,  even  those 
which  result  In  minor  injuries. 

(XO)  See  that  all  Injuries  are  reported  and  properly  treated. 

(11)  Prepare  and  submit  the  following  reports  as  required: 

a.  First  Aid  Form  (Form  2019) 

This  form  is  to  be  filled  out  for  each  accident  requiring 
first  aid.  One  copy  is  to  be  maintained  at  the  facility 
and  one  copy  to  be  sent  to  the  Safety  Department. 

b.  The  First  Report  of  Accident  (Form  LC-2680;  Florida  only. 
Form  LC-3621) 

This  form  is  to  be  filled  out  for  any  injury  requiring 
medical  attention  over  and  above  first  aid.  One  copy 
retained  in  the  facility  file,  one  copy  to  the  local 
Hartford  Insurance  Co.  office , one  copy  to  the  Treasurer's 
Office,  one  copy  to  the  Personnel  Department,  one  copy  to 
the  Safety  Department  and  one  copy  to  the  state.  If  needed. 

c.  Supervisor  Accident  Investigation  Report  (Form  2020) 

This  form  shall  be  filled  out  for  every  injury  involving 
lost  time  or  any  accident  or  injury  no  matter  how  slight 
which  involves  unusual  circumstances.  One  copy  to  be 
retained  at  the  facility  and  one  copy  to  the  Safety 
Department. 

d.  Near  Accidents,  Unsafe  Practices  or  Conditions  (Form  2023) 

This  form  is  to  be  filled  out  on  an  accident  no  matter  how 
slight  which  might  have  been  of  a serious  nature,  or  for 
an  unsafe  practice  or  condition.  One  copy  retained  at  the 
facility  and  one  copy  sent  to  the  Safety  Department. 
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SAFETY  STANDARDS 

625  INDUSTRIAL  SAFETY 


625.0.1 
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INDUSTRIAL  SAFETY  POLICY 


QglgRAL  RESPONSIBILITIES  (Contd) 

0.  Executive  Safety  Council 

(1)  The  Executive  Safety  Council  will  be  comprised  of  the  following 

personnel: 

a.  Senior  Management  Member  (Chairman) 

b.  Safety  Director 

c.  Personnel  Director 

d.  Four  representatives  cf  major  departments  or  divisions 

(2)  The  Executive  Safety  Council  shall: 

a.  Meet  each  quarter. 

b.  Discuss  and  determine  action  to  be  taken  on  accident  control 
problems  that  are  Indicated  by  the  Safety  Director's  analyses 
and  reports.  Prepare  directives  for  the  President  which  are 
to  be  issued  to  plant  supervisory  personnel  indicating 
specific  measures  necessary  to  improve  the  safety  program. 

c.  Submit  a statement  to  the  President  after  each  meeting  of 
the  progress  of  the  safety  program. 

d.  The  Senior  Management  member.  Safety  Director  and  Personnel 
Director  shall  be  permanent  members  of  the  council.  Other 
members  shall  be  rotated,  one  new  member  to  be  named  each 
quarter. 


6 


(1)  First  Aid  Report 

(2)  Monthly  Summary  of  Injuries 

(3)  Supervisor  Accident  Investigation  Report 

(4)  Hear  Accidents,  Unsafe  Practices  or  Conditions 

0 

B.  Availability 

The  above  forms  are  available  at  APCI  Stationery  Stores 
Trexlertown,  Pennsylvania.  Order  the  standard  forms  by 
specifying  the  appropriate  form  number  listed  above. 


ApfwmA  Safety  Mndw 


W.  L.  BAIL 


W.  L.  BALL 
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625  INDUSTRIAL  SAFETY 


FORM  NO.  2019 
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Cane  No. 


First  Aid  Report 


Department 

Name  Clock  No. Plant  _ _ 

Male  □ Female  □ Occupation Foreman  

a.m.  Date  of  a.m. 

Date  of  Injury Time p.m.  First  Treatment Time p.m. 

Nature  of  Iniurv  _ 


Sent!  Back  to  Work  0 Doctor  []  Home  0 Hospital  0 

Estimated  Disability days.  Name  of  Witness  

Injured’s  Description  of  Accident  _ __ 


Air  Products,  Inc. 
Form  2019 


Signed. 


First  Aid  Man  or  Nurse 
(Use  rvoerse  side  for  additfonaf  information) 


Originated  Syt 

Approv«di  Softly  Director 

Dot# 

U.  L.  BALL 

W.  L.  BAIL 

10-3-61 
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SAFETY  STANDARDS 

62$  INDUSTRIAL  SAFETY 


FORM  NO.  2021 


Monthly  Summary  of  Injuries 


3UBJICTi  Monthly  3ummary  of  Injuries 
for  the  Month  of 


L0CA1T0M 


Summary 


First-Aid  Caeca 


1 im  I 

\wzmzimd 


Nan  Hours  wo 


No* 

This 

tionth 


COMMENTS! 


First-Aid  Cases 
Doctor  Cases 

Lost  Tim*’  Cases 
No.  of  toys  Lost 
Noar  Misses 


- Any  injury  requiring  local  first-aid  supplies. 

- Any  injury  requrinr  medical  attention  other  than  local  first-aid 

supplies. 

- All  injuries  involving  tiT.e  lost  from  the  job. 

- Total  of  all  days  lost  from  th*;  job  due  to  industrial  causes. 

- Occurrencss  which  mirht  have  caused  extensive  injury  or  damarre. 


Avfl.  t!o.  of  Employees  - Include  all  employees  (administration,  etc.). 


Man  Hours  Worked 


- Total  hours  worked,  if  available;  if  not,  take  the  averaro  number 
of  employees  and  multiply  by  eipht  hours.  Take  this  figure 
andmultiplv  bv  the  number  of  days  worked. 


Form  No*  2021 
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Approvedt  Safety  Director 


W.  L.  BALL 


W.  L.  BAIL 
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FORM  NO.  2020 
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Oltlcn  11m* 

•tie. 

Noii»IMmmIiIIiik  I | 

Accident  Invent  (gallon  Itcpori  IMhrMIiih  (I»n(-iIi»f)  I | 

of  Injiiml Clock  No* little  of  Injury 

Am* hrnglli  of  Hrrvlwt  Willi  Com  puny on  IVrwni  Jolt 

Or  rn  pit  I Inn 

Nature  of  Injury 

l)cK<*rl|»tinife  of  Arrldi  sit 

(Till*  Information  I*  fur  uni*  In  preventing  Hliullur  neeldcnln.  Answer  «|iic*tlntiw  *|ierlfiriilly,  u*  Indleittid 
liy  riQni|ilr«) 

I*  Wlml  Job  Wn*  foil  plover  lining  Inrludltig  Tool*,  (tinmpln  Afftlnj 1 11  limey  mating  onto  mfnur  trurk.) 

Mnrltlne  anil  Material*  I Uni? 


2*  flow  Wo*  Km  player  Injured?  (hnmpli’i  Tl*r  cnHiltip  mUpitnl  from  liU  uml  /rtf  mi  lib  turn.) 


2*  Wlmt  llbl  Kltt  plater  llo  HllNitfrly?  'Kumpln  Trlnl  lo  lift  fmi  hory  M ) 

1 Wlml  Win*  liefer  live,  lit  lltiMiife  I'oiulllloo,  or  Wrong  with  Method?  (l*Un*it|ifri  Htmtilil  Imro  IuhI  frofp.i 
*•  Whitt  Safeguard*  Should  lie  I Uni?  rtAiiinjUn  Irm  Vafrtt  sfmm.) 

6.  Wlml  Him  W ere  Token  lo  I’retriil  Similar  Injurte*?  (K%mi*»lr*  litnintrtrd  mm  lo  ***M  rnrli  einrr  In  lifting 

Itmtv  fimil'i.) 

7.  Wftiil  Ollter  Step*  SImhiIiI  lie  Token  lo  Prevent  n lleeurrenee?  (lAuoiptri  Provide  mmlmiilml  Ittmrillnu 

for  I hi*  work.) 


Signed 

Departments 

Plant 


_ Originated  Byi 

(ZtftkrXoducfe- 

Approved)  Safety  Director 

Dote 

W.  L.  BAH. 

V.  L.  BALL 

10-3-61 

All  biformftttoft  Inrun  U dm  oonMotrfel  property  el  Air  Frodute,  I«,  oftltee  enother  source  Is  ihowi 
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SAFETY  STANDARDS 

625  INDUSTRIAL  SAFETY 


FORM  NO.  2020 
(Reverse  Side) 


Pmr  Office  IW  Only 

(Kilter  ah  Furl*  heroine  avaIIaIiIc) 


A.  Ton fMimry  Total  [] 
Sliirlrtl  IonIiik  lime. 
ItHurneil  to  work 

*l*Knir  cliurpc  __ 
9.  0»m|»ri»MHti«n  S 


Permanent  Partial  Q 

Part  of  Itodv 

Prr  rent  lo«*  or 
low*  of  o*r 

Time  charge 

...  Metllral  > 


Death  or  Permanent  Total  (~~| 
Time  charge 


Other  $_ 


Originated  ly» 

Approved*  Safety  Director 

W.  L.  BALL 

W.  L.  BALL 

10-3-61 
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625  INDUSTRIAL  SAF3TY 


FORM  NO.  2023 


"ftot/uctl  and  CAe*niea& 


NEAR  ACCIDENTS 

UN3AFB  PRACTICES  OR  CONDITIONS 


*COPY  TOt  Safety  Department  - Troxlortovm 
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SAFETY  STANDARDS 

630  FIRE  PROTECTION  EQUIPMENT 


630.2.2 


OUTSIDE 


FIRE  HYDRANT 


1.  PURPOSE 

This  standard  establishes  approved  fire  hydrants  for  outside  use. 

2.  SCOPE 

This  standard  applies  to  all  facilities  designed  by  API. 

3.  GENERAL 

The  following  approved  and  standardized  outside  fire  hydrants  are  required 
on  all  facilities  revised  or  constructed  following  the  date  of  this  standard. 
This  standard  governs  unless  supplimented  or  superseded  by  the  "Recommended 
Safety  Equipment  List”  prepared  by  API  Safety  Department  for  each 
installation. 

k.  EQUIPMENT 

A.  Hydrant 

(1)  Specification 

a.  Hydrants  to  be  a "Darling"  B-550B  (or  equal)  with  a five  (5) 
inch  barrel  and  a six  (6)  inch  base  or  a base  to  agree  with 
fitting  of  the  header.  A standard  pumper  hose  nozzle  and  two 
(2)  2 l/2”  outside  independent  fire  hose  nozzles  set' 90°  to 
the  barrel  will  be  included.  The  length  of  the  hydrant  to 
agree  with  the  depth  of  the  trench  (set  below  the  freeze  line). 
Eight  (8)  cubic  feet  of  3/U  inch  crushed  rock  will  be  used  to 
afford  hydrant  drainage. 

b.  Hydrant  painting  will  be  as  follows: 

/l/  Barrel  - Fire  protection  red,  Sacony  33-R-104 

* 

1 2. I Cape  - Diffuse  aluminum,  Sacony  11 -A- 30. 

c.  Secondary  gate  valves  for  hydrants  are  necessary  only  where 
there  is  a possibility  of  damage  from  vehicle  traffic. 

(2)  Vendor 

Darling  Valve  and  Manufacturing  Company,  Williamsport,  Pa.  or 
equal. 


Ortglnotod  lyi 

Approval  Sofoty  Director 

H.  SMITH 

L.  BALL 

““  7-26-61 
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OUTSIDE 


HYDRANT  HOUSE  AND  EQUIPMENT 


1.  PURPOSE 

This  standard  establishes  the  criteria  for  the  selection  of  approved  fire 
protection  equipment  for  outside  use. 

2.  score 

This  standard  applies  to  all  AFCI  facilities. 

3.  GENERAL 

The  following  approved  hydrant  house  and  related  support  equipment  is 
required  on  all  facilities  revised  or  constructed  following  the  date  of 
this  standard.  This  standard  governs,  unless  supplemented  or  superseded 
by  the  "Recommended  Safety  Equipment  List"  prepared  by  the  APCI  Safety 
Department  for  each  installation.  Any  change  to  this  Standard  requires 
approval  by  the  Safety  Department. 

4.  EQUIPMENT 

A.  Hydrant  House 

(1)  Specification 

a.  Hydrant  house  will  be  fabricated  of  rolled  20  gauge  cold  steel 
on  structural  steel  frame  and  base.  The  door  will  be  side 
opening,  swing  type,  with  a snap  hasp. 

b.  The  house  will  be  shop  primed  by  the  manufacturer,  and  finished 
painted  in  the  field  a fire  department  red  with  six  (6)  inch 
white  lettering  and  numbering  (Hose  House  No.  1,  etc.) 

c.  The  recommended  house  is  a SEC0-H-1. 

(2)  Vendor 

George  W.  Kistler,  Inc. 

122  Turner  Street 

Allentown,  Pa. 

B.  Fire  Hose 

(1)  Specification 

a.  All  fire  hose  (1-1/2"  or  2-1/2")  will  be  dacron  Super  Flex-Fold. 

The  hose  tube  is  neoprene,  and  the  jacket  100  per  cent  dacron  I 
yarn.  Hose  sections  will  be  fifty  (50)  foot  sections  with  a | 
standard  U.L.  test  pressure  of  three  hundred  (300)  pounds. 

Couplings  will  be  of  brass  both  male  and  female:  the  female  is  Z' 
to  be  a swivel  joint.  Lugs  to  be  of  the  rocker  type  only.  g 


A t 'ftoetucti  W ( Tbtmta/i 


AN  information  horeon  it  iho  confidential  properly  of  Air  Prodvcti  and  O 1 

Chomlcots,  iwc.,  unless  onother  source  is  shown,  it  toh|ocf  ••  rotor n on  do*  Sea  — I 

mond  and  most  not  bo  disclosed  or  reproduced  without  prior  writfon  consent.  J UTie  1 5 > 197t  Q 


2| 


SAFETY  STANDARDS 

630  Fire  Protection  Equipment 


OUTSIDE 


HYDRANT  HOUSE  AND  BQUIR1ENT 


EQUIPMENT 

B.  Fire  Hose 

(1)  Specification  (Cont.) 

b.  All  threads  to  agree  with  the  local  fire  department  servicing 
the  facility.  Where  there  is  no  fire  department  service,  the 
threads  are  to  be  national  standard. 

(2)  Vendor 

George  W.  Kistler,  Inc. 

122  Turner  Street 
Allentown,  Fa. 

C.  Nozzles  and  Fittings 

(1)  Specifications 

All  nozzles  will  be  of  brass.  Standard  nozzles  used  are  as  follows: 

a.  2-l/2n  combination  fog  and  straight  stream  - 
Akron  1725  Turbojet. 

b.  1-1/2”  combination  fog  and  straight  stream  - 
Akron  1214* 

c.  2-1/2"  x 24"  underwriter's  play  pipe  with  an  underwriter's  {lay 
pipe  tip  - style  540  straight  tip. 

(2)  Hydrant  gate  valve  and  leader  line  wye  will  be  of  brass  and  have 
rocker  lugs. 

a.  2-1/2"  gate  valve  - Akron  285. 

b.  2-1/2"  female  x 1-1/2”  x 1-3/2"  male  wye  - Akron  Pyrolite  1581. 

(3)  Spanner  wrenches  will  be  of  the  universal  type  and  be  cadmium  plated 
malleable  iron  - Akron  style  10. 

(4)  Hydrant  wrench  will  be  cadmium  plated  malleable  iron  - 
Akron  style  17. 

(5)  Utility  bar  will  be  cadmium  plated  malleable  iron  - 
Akron  style  50. 

(6)  Vendor 

George  W.  Kistler,  Inc. 

122  Turner  Street 
Allentown,  Fa. 


A All  Information  K eon  is  tin  cenffdenifal  property  of  Air  Ftodocts  and  ™r 

&ft\  7%0(6ie&  QfU  (3[om&aA  Chemical*,  lac.,  ontoss  another  source  Is  shown,  Is  ewfcfect  to  return  on  do*  Revised 

-* * * “ * »•  - -* J * -*  — ***-  tilt  fn»«  ■!  tttMA  1 C 


mond  and  most  not  ho  disclosed  or  reproduced  orUhoaf  prior  written  content.  {June  15>  1970  j 


SAFETY  STANDARDS 

630  Fire  Protection  Equipment 


OUTSIDE 


HYDRANT  HOUSE  AND  EQUIPMENT 


"RECOMMENDED  SAFETY  EQUIPMENT  LIST* 11 


A.  one  (l)  hydrant  house 

B.  four  (4)  spanner  wrenches 

C.  one  (l)  hydrant  wrench 

D.  one  (l)  2-1/2"  gate  valve 

B.  (me  (l)  2-1/2"  x 1-1/2"  x 1-1/2"  reduction  wye,  with  ball  shutoff  valves. 

F.  one  (l)  utility  bar. 

G.  one  (l)  2-1/2”  combination  fog  and  straight  stream  nozzle. 

H.  two  (2)  1-1/2"  combination  fog  and  straight  stream  nozzles. 

I.  two  (2)  50-foot  lengths  of  2-1/2"  hose  (100  ft.  total) 

J.  four  (4)  50-foot  lengths  of  1-1/2"  hose  (200  ft.  total) 

6.  SPECIAL  NOTES 

A.  Only  one  underwriter’s  play  pipe  is  required  for  each  facility. 

B.  Only  the  above  stipulated  items  will  be  stored  in  any  hydrant  house. 

C.  Spare  parts  to  be  stocked  at  each  facility  are  as  follows: 

(1)  two  (2)  spanner  wrenches 

(2)  one  (l)  hydrant  wrench 

D.  Vendor  is  listed  in  sections  4 and  5 of  this  Standard. 
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INSIDE  - OUTSIDE 


1.  PURPOSE 


This  standard  establishes  approved  fire  extinguishers  for  use  on  Class  A,  B, 
and  C fires. 

2.  score 

This  standard  applies  to  all  AFCI  facilities.  For  facilities  already  equipped 
with  fire  extinguishers,  this  standard  shall  apply  to  all  repalcement  equipment. 

3.  General 

Hie  following  approved  and  standardised  fire  extinguishment  equipment  is  required 
on  all  facilities  revised,  or  constructed  following  the  date  of  this  standard. 
This  standard  governs  unless  supplemented  or  superseded  by  the  "Recommended 
Safety  Equipment  List"  prepared  by  the  AFCI  Safety  Department  for  each  instal- 
lation. Any  changes  to  this  standard  require  approval  by  the  Safety  Department. 

4.  CLASS  "A"  FIRES  (WOOD.  CLOTH.  PAEER.  RUBBISH.  ETC.) 

A.  TY1ES 

(1)  Pressurized  water  extinguisher,  2 1/2  gallon.  Underwriters'  rating  2-A 
calcium  chloride  required  in  freezing  weather. 

(2)  Foam  extinguisher,  2 1/2  gallon.  Underwriters'  rating  2-A,  subject  to 
freezing. 

B.  VENDORS 


Pressurized  water  - the  Ansul  Company,  21$  Flank  Avenue,  Baoli,  Pennsylvania 

19301  or  equal. 

Foam  - Fyr-Fyter  Company,  Philadelphia,  Pennsylvania,  or  equal. 

5.  CLASS  "B"  FIRES  (OIL.  GASOLINE.  GREASE.  PAINT.  ETC. 

a.  Tires 

(1)  Dry  chemical  (Foray  all  purpose)  extinguishers  of  10,  20,  30,  150,  and 
350  pound  capacity.  Underwriters'  ratings  of  2-A:30-B:C,  4-A:40-B:C, 
6-A:60-B:C,  20-A:l60-B:C,  and  40-A:240-B:C  respectively.  Dry  powder 
is  not  subject  to  freezing. 

(2)  Carbon  dioxide  extinguishers  of  5,  10,  15,  20,  50,  75,  and  100  pound 
capacity.  Underwriters'  ratings  of  A-B,  8-B,  10-B,  12-B,  16-B,  20-B, 
and  40-B  respectively.  Carbon  dioxide  is  not  subject  to  freezing. 
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(3)  Foam  extinguishers  of  2 1/2,  5,  17,  and  33  gallon  capacity.  Under-  2 
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SAFETY  STANDARDS 

u30  PlKh,  MM  HtUPKian' 
INSIDE  - OUTSIDE 

b.  VENDORS 


Dry  chemical  - The  Ansul  Company,  215  Flank  Avenue,  Paoli,  Pennsylvania 
19301,  or  equal. 

Carbon  dioxide  - The  Ansul  Company,  215  Plank  Avenue,  Paoli,  Pennsylvania 
19301,  or  equal. 

Foam  - Fyr-Fyter  Company,  b806  North  Franklin  Street,  Philadelphia,  Penn- 
sylvania 1913^  or  equal. 

NOTE  #1  - Safety-first  fire  extinguishers  may  be  substituted  for  the  Ansul 
units  in  areas  where  repair  and  servicing  is  available  at  A PC  I 
10D  Southern  Area  Facilities.  Safety-first  extinguishers  are 
available  front  the  APC1  Bladensburg  Facility. 

6.  CLASS  "C"  FIRES  (EIZCTRICAL  EQUIPMENT) 

A.  TYPES 

(1)  Dry  chemical  (Foray  all  purpose)  extinguishers  of  10,  20,  30,  150,  and 
350  pound  capacity.  Underwriters'  ratings  of  2-A:3C-B:C,  4-A:40-B:C, 
6-A:60-B:C,  20-A:160-B:C,  and  A0-A:240-B:C  respectively.  Dry  powder 
is  not  subject  to  freezing. 

(2)  Carbon  dioxide  extinguishers  of  5,  10,  15,  20,  50,  75,  and  100  pound 
capacity.  Underwriters  ratings  of  4-C,  8-C,  10-C,  12-C,  2Q-C,  and 
40-C  respectively.  Carbon  dioxide  is  not  subject  to  freezing. 

B.  VENDORS 

Dry  chemical  - The  Ansul  Company,  215  Plank  Avenue,  Paoli,  Pennsylvania 
19301. 

Carbon  Dioxide  - The  Ansul  Company.  iV*  Plan*  Avenue,  Psc*1^  Pennsylvania 
19301. 

7.  SPECIAL  USE  EXTINGUISHERS 

For  certain  projects  or  facilities,  specific  special  use  extinguishers  are  re- 
quired. The  Safety  Department  shall  be  contacted  for  the  selection  of  any 
special  use  extinguishers. 

o.  LIST  OF  EXTINGUISHERS  IN  USE  BY  APCI 

ihe  following  is  a list  of  fire  extinguishers  currently  being  utilized  by  APCI 
facilities. 
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INSIDE  - OUTSIDE 

T OF  EXTINGUISHERS  IN  USE  BY  APCI  (Cont) 


Type 

Class  of 
Use 

Capacity 

Pressurized  Water 

A 

2 l/2  gal, 

Foam 

A-B 

2 1/2  gal 

Carbon  Dioxide 

B-C 

5 lbs. 

Carbon  Dioxide 

B-C 

10  lbs. 

Carbon  Dioxide 

B-C 

15  lbs. 

Dry  Chemical 

A-B-C 

10  lbs. 

Dry  Chemical 

A— B— C 

20  lbs. 

Dry  Chemical 

A-B-C 

30  lbs. 

Dry  Chemical 

A-B-C 

150  lbs. 

Dry  Chemical 

A-B-C 

150  lbs. 

Dry  Chemical 

A-B-C 

350  lbs. 

Dry  Chemical 

A-B-C 

350  lbs. 

Vendor 

Ansul 

Fyr-Fyter 

Ansul 

Ansul 

Ansul 

Ansul 

Ansul 

Ansul 

Ansul 

Ansul  (rubber 
tires) 

Ansul 

Ansul  (rubber 
tires) 
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DRAWING  92483  D,  REVISION  B 

LOX  & LIN  VAPOR  DISPOSAL  TANK  (900  GALLON) 
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Dote  March  22,  1971 

To  W.  J.  Scharle 

Subject 

Lathrop  Auto-Load 

Prom  B*  H.  Master 

System 

( ) Take  Action 
( ) Fot  Your  Comments 

( ) For  Your  Approval 
( ) As  Requested 

( ) For  Your  Info 
( ) File 

( ) Discuss  With  Me 
( ) Note  & Return 

cc:  W.  L.  Ball 

J.  P.  Desnouee 
Mo  d.  Hals ted 

F.  K.  Kitson 

A.  W.  Norman 

B.  Trammell 

Ho  Eo  Wynn 

Attached  is  a diagram  of  the  Lathrop  auto-load  system  with  a description  of 
the  operation  and  some  details  on  the  components,  original  and  added,  to 
accomplish  the  purpose.  One  change  will  he  made  to  comply  with  the  attached 
and  another  must  still  he  added.  The  change  will  he  to  install  the  pressure 
switch  downstream  of  the  solenoid  valve  to  actuate  the  red  light  in  the  control 
room.  The  present  system  turns  on  the  light  with  the  solenoid  electrical  cir- 
cuit and  it  is  possible  that  the  solenoid  valve  may  not  have  closed  (it  did  hang 
up  once  due  to  burr  on  valve)  mechanically  even  though  the  power  to  the  circuit 
has  been  disrupted.  With  the  pressure  switch  arrangement  there  will  he  a positive 
indication  of  pressure  to  the  valve  actuator.  The  addition  recommended  by  the 
writer  is  the  pressure  level  switch  on  the  vapor  dispersal  tank.  In  the  event 
anyone  of  the  individual  loading  systems  would  fail  the  liquid  into  the  dispersal 
system  tank  would  actuate  this  switch  sounding  an  alarm  to  warn  the  operator  to 
get  to  the  area  and  repair  the  malfunction  or  shut  off  manually. 

Barton  gauge  switches  are  set  for  58"  to  fill  tankers.  Other  type  trailers  or 
locations  may  have  some  differences  and  will  have  to  set  accordingly.  Also, 
setting  must  he  made  to  have  tractor  disconnected  or  attached.  With  a level 
switch  set  for  the  tractor  attached  it  will  overload  with  it  detached. 

If  the  dispersal  tank  is  to  he  used  for  dumping  off-spec  liquid  or  for  purging 
in  conversion  operations,  it  will  he  necessary  to  bypass  the  vapor  dispersal 
tank  level-alarm  switch.  In  the  event  this  is  done  (rarely  at  this  location)  the 
operator  shall  stay  in  the  area.  On  such  occasions  there  will  he  more  reason  to 
stay  in  the  area  to  accomplish  the  purge. 

To  avoid  malfunction  or  false  alarms  with  the  vapor  dispersal  tank  level  switch 
the  following  piping  configuration  is  suggested.  Drill  a 1/2"  hole  in  the  tank 
as  low  as  possible  on  its  side  and  weld  a half  coupling  over  the  hole.  Coupling 
shall  pitch  slightly  upward  to  permit  any  condensation  to  drain.  Install  a 
1/2"  x 5"  long  stainless  steel  pipe  nipple  into  the  coupling.  Then  install  a 
stainless  or  brass  elbow  on  the  nipple  heading  upward.  Put  a 1/2”  x 24"  long 
copper  pipe  section  (or  appropriate  pipe  to  copper  tubing  sweat  adaptors  with 
copper  tubing)  on  the  vertical  rise  with  the  pressure  switch  mounted  on  top  of 
the  copper  pipe  (tubing).  The  idea  is  for  the  stainless  to  reduce  possibility 
of switch  getting  too  cold  to  "freeze"  or  distort  and  the  copper  should  dissipate 
"cold"  passing  the  stainless  barrier.  Lathrop  management  will  install  and  test 
this  switch  and  suggested  piping. 

Standard  vapor  dispersal  tanks  (92483D)  are  only  500-gallon  units  at  other 
locations.  Assuming  there  is  450  gallons  capacity  after  the  level  switch  has 
sounded  the  alarm,  there  should  still  be  about  4 1/2  minutes  for  operator  - 
loader  to  respond  if  rate  is  100  GPM.  Individual  location  load  rates  and  distance 


M>CI  DOCUME 


PUT  IT  IN  WRITING 


* ^ 

y*'  ^~  7iea ier/S  anJ  fflemica/* 


To  W.  J.  Scharle 

Subiect 

Dote_ 

March  22.  1971 
Lathrop  Auto-Load 

From  H.  H.  Master 

System 

( ) Take  Action 

( ) For  Your  Approval 

( ) For  Your  Info  ( ) Discuss  With  Me 

( ) For  Your  Comments 

( ) As  Requested 

( ) File 

( ) Note  & Return 

Page  2 

relationships  of  various  facilities  will  have  to  be  considered  to  determine  if 
the  time  allowance  of  a 500-gallon  tank  is  sufficient. 

Management  here  has  put  a lot  of  thought  into  this  system  and  are  to  he  com- 
mended for  the  work.  It  is  the  writer's  opinion  it- is  a workable  system  and 
after  the  system  is  complete  according  to  the  above  and  attachment  details* 
we  should  give  it  several  months  trial  and  consider  it  for  other  locations. 
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LATHROP  LOADING  SYSTEM 


OPERATION 


Electrical  system  is  connected  by  plugging  coil-cord  line  (9,10,11)  connection 
provided  in  rear  loading  compartment . System  is  2U-volt  to  preclude  some  hazards 
which  may  be  associated  with  higher  voltages,  particularly  with  oxygen. 

Turnon  power  on  station  switch  (7).  Lift  lever  on  solenoid  (6).  If  power  is  not 
on  the  solenoid  valve  will  not  stay  open.- 

Opining  of  solenoid  will  provide  instrument  air  to  fill  valve  actuator  (U)  to 
open  the  fill  valve  (9).  If  there  has  been  any  reason  that  air  is  not  supplied 
the  fill  valve  will  not  open  as  the  valve  is  fail-close. 

With  instrument  air  to  the  actuator  the  pressure  switch  (13)  is  also  satisfied 
to  turn  on  red  light  in  the  control  room  to  indicate  trailer  is  filling. 

When  loading  is  complete,  the  Barton  switch  (8)  deactivates  the  solenoid  venting 
the  instrument  air  pressure  on  the  valve  actuator  and  the  valve  closes.  Loss  of 
pressure  also  opens  the  circuit  on  the  pressure  switch  and  turns  out  the  red 
light  in  the  control  room  advising  the  operator  the  tanker  is  full. 

If  automatic  shutoff  system  does  not  operate  the  liquid  will  go.  to  the  vapor 
dispersal  tank  where  the  level  switch  (1)  will  actuate  at  3"  Hj>0  pressure  (level) 
and  activate  the  local  alarm  and  scam  system  light  and  alarm  in  the  control  room. 
The  operator  will  have  about  8 minutes  to  get  to  the  area  to  shut  off  the  system 
manually  (average  load  rate  is  a little  less  than  100  GPM). 

In  the  event  of  problems  with  any  of  the  fill  valves  (U)  they  can  all  be  closed 
by  cutting  power  to  the  solenoid  with  switches  in  the  control  room  or  the  load 
area  analyzer  house.  Valves  off  the  storage  tanks  or  the  tanker  itself  can  be 
shut  manually  if  necessary  to  stop  filling  if  malfunction  of  automatic  system 
is  not  readily  rectified. 

* 


1*  Custom  components  pressure  switch.  Series  675  set  at  5"  H2O 

2.  United  Electric  pressure  switch,  type  -P27A  Model  8UB,  Range 

-50®  to  ♦50°F.  Ellk 

i.  /*)(>/*•  tr  >j 

3.  Coppus  blower,  Vano,  design  B (our  standard  now  /»<. / 

is  Coppus,  IMU,  1700  CFM  -350) 

4.  Foxboro  valve  operator.  Model  P-50,  Fail  Close,  1 1/2" 
stroke,  0-20  psig  pressure  full  open. 

5.  Powell  Valve,  3"  sweat  fitting,  type  A 9692  Teflon  plug 
insert,  brass  seat 

NOTE:  Original  valves  were  used  at  this  location  and  actuators 

were  adapted  to  the  valves.  Modification  work  done  was: 

a.  The  extended  stem  bonnet  was  shortened  to  10" 

b.  The  bonnet  threads  were  machined  out  and  a brass 
guide  inserted  in  the  bonnet  bottom. 

c.  The  stainless  steel  stem  threads  were  machined  off 

d.  The  stainless  steel  stem  top  end  was  machined  and 
threaded  to  screw  into  the  operator  lower  end. 

e.  One  adaptor  was  machined  to  adapt  the  operator  to 
the  bonnet.  See  sketch. 

6.  Solenoid  valve,  Asco,  type  VP  8308,  B8U,  3/V 

7.  Killar  on-off  switch,  FST,  all  weather 

8.  Barton  level  gauge,  model  288A  with  actuator,  model  22k 
(snap  acting) 

9*  Bubbel  electric  plug,  male,  3 pin  twist  lock 

10.  Hubbel  electric  plug,  female,  3 pin  twist  lock 

11.  Flex  cord,  16/3  type  SJ0,  300V 

12.  Jefferson  transformer  500  XA,  2kV 

13.  Custom  Component.,  Inc.  pressure  switch,  series  608,  set  to 
10  psig. 
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On  March  25,  1971,  the  writer  met  with  A*  Nonqan  to  discuss  electrical 
circuitry  and  equipment  for  auto  loading  systems.  Among  other  things,  the 
writer  was  inclined  to  faror  tieing  in  the  dispersal  tank  level  switch  to 
shut  down  the  stack  blower  and  close  all  the  fill  valves. 

As  a result  of  this  meeting,  the  following  general  revisions  are  to  be 
considered  for  a standard  system: 

1.  The  existing  lever-solenoi d (Asco,  Type  HP  8308,  B8b,  3/U" ) is  not 
reliable.  A.  Norman  stated  that  we  have  had  problems  with  this  type 
at  a man  ber  of  locations  where  it  is  used  for  various  other  services. 
They  hang-up  similar  to  the  one  incident  at  Lathrop.  With  the  outdoor 
service,  the  malfunction  possibilities  are  increased.  Alternate  sole- 
noid is  listed  on  the  attached  equipment  list. 

2*  It  is  believed  it  would  be  better  to  tie  in  the  control  room  indicating 
light  with  the  solenoid  electrical  circuit  (as  Lathrop  originally  had 
done)  rather  than  install  a pressure  switch  on  the  instrument  air  line 
to  the  valve  actuator.  This  is  particularly  true  with  the  different 
solenoid  valve  which  could  not  be  open  unless  there  were  power  to  the 
circuit  The  pressure  switch  to  the  light  would  tell  you  nothing  more 
than  that  you  have  pressure  to  the  valve  which  would  already  be  known 
before  leaving  the  area  end  we  have  the  added  expense  and  possible  mal- 
function and  maintenance  on  the  switch.  With  the  tie  into  the  solenoid, 
it  would  indicate  there  is  power  to  the  solenoid  and  if  the  valve  in 
fact  did  not  open,  there  would  be  no  hazard  but  merely  a loss  of  fill 
time. 

3.  The  dispersal  tank  level  swtich  should  shut  down  the  stack  blower  if 
we  ever  get  a shutoff  system  failure  and  start  getting  liquid  in  the 
tank.  With  this  setup,  we  would  reduce  the  possibility  of  LOX  filling 
up  the  tank  and  getting  into  an  operating  blower  if  the  loader  would  not 
get  to  shut  off  the  malfunctioning  system  in  time. 

b.  The  vapor  dispersal  tank  level  switch  will  also  be  wired  to  shut  all 
station  valves  in  the  event  of  an  overflow  into  the  tank.  It  will  not 
be  necessary  to  run  extra  conduit  and  a lot  more  wire  as  the  switch 
circuit  can  be  tied  Into  the  main  power  for  the  entire  system.  With 
this  arrangement , there  is  always  the  possibility  the  malfunctioning 
valve  willclose  if  there  was  a problem  in  the  electrical  circuit.  If 
it  is  a mechanical  problem  which  prevented  the  valve  from  closing  other 
methods  will  have  to  be  initiated  by  the  operator  but  meantime  all  other 
stations  will  have  their  valves  closed  so  he  does  not  have  to  worry 
about  them. 
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5*  The  vapor  dispersal  tank  level  switch  will  also  remain  on  a local 
and  control  room  alarm  system  as  it  is  at  L&throp. 

6.  A 3-position  selector  switch  with  "Hand",  "OFF”  and  "AUTO"  points 
will  he  installed.  The  "AUTO"  position  of  coarse  will  be  the  normal 
position  for  filling  the  trailer.  The  "hand"  poisition  will  be 
used  to  open  the  valve  when  it  is  necessary  to  "top  off"  a tanker. 

When  on  "Hand",  a red  light  will  be  lit.  Operators  will  be 
instructed  never  to  leave  the  area  with  a red  light  on  as  the  valve 
is  held  open  with  the  selector  at  this  setting. 

Attached  are  copies  of  the  wiring  diagram  and  equipment  list  prepared  by 
A.  Horman.  naturally,  the  relay  systems  will  vary  in  number  according 
to  stations  at  each  facility.  We  can  standardize  on  a local  panel  box  for 
each  station  which  can  be  prewired  and  shipped  as  a unit  ready  for  external 
connection  to  power  and  the  solenoid  valve. 

i 


i 

i 

i 
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- AUTO  LOADING  SYSTEM  - 
BILL  OF  MATERIAL 


a.  Indicating  Light,  Resistor  Type,  Typo  T Oil  Tight,  White 
Glass  Lens,  120  VAC,  C-H  #10250T201C12 

b.  Legend  Plate,  Jumbo  Size,  C-H  #10250TJ36  Engraved  as 
Shown  Below  with  5/3 2 Inch  Letters 

Pbs  A Station  #(l  thru  Qty.  Ordered) 

Pos  B Automatic 

Bos  C Valve  Closed ; 


Selector  Switch,  Assembled,  Type  T Oil  Tight,  3 Position 
Maintained  Contact.  Lever  Operator.  C-H  #10250T3029-23K68X._  _ 

a.  Indicating  Light,  Resistor  Type,  Type  T Oil  Tight,  Red 
Glass  Lens,  120  VAC,  C-H  #10250T201C7 

b.  Legend  Plate,  Jumbo  Size,  C-H  #10250TJ36,  Engaraved  as 
Shown  Below  with  5/32  Inch  Letters 

Bos  A — Caution  — 

Bos  B Selector  In 

Pos  C Hand  Pos. 

Relay,  S Pole,  10  AMP  Contact  Rating,  24V  60HZ  Coil,  4 N.O., 
2 N.C. , C-H  Type  M-300  Kultipole  Relay  Cat.  Ho,  D23MR42T 

Relay,  4 Pole,  15  AMP  Contact  Rating,  110V  60HZ  Coil, 

A W.O.  Contacts.  C-H  Type  BC  Control  Relay  Cat.  Ho.  9575H2236 

Solenoid  Valve.  3 Wav.  l/A"  Pine  Size.  ASCO  #8302813? 

Transient  Voltage  Suppressor  GE  6RS20SRI+B4  US)  Volts  RMS 
Input  - - 

Low  Voltage  Control  Transformer,  Primary  Volts  120,  60  HZ, 
Secondary  Volts  24  Volts,  100  Volt-AMPS  Capacity,  Jefferson 

Jk 2Z=26l — 

Fuse  Block,  Single  Bole,  30  AMP,  250  Volt,  C-H  Type  A, 

Cat.  No.  10982-H1 - 

Fuse.  250  Volt.  Buss  Pusetron  #FRN  6-1/4 

Portable  Cord  Connector,  Watertight,  Strain  Relief  Type, 
for  .560  OP  Cord.  3/4  Inch  Hub  Size.  T & B #2534 

Retractile  Electrical  Bower  Cord,  20  Feet  Long  Extended, 

48  Inches  Retracted,  3 Conductor,  AWG  #14  Stranded,  UL  Type 
SO.  (Jacket  OP  .560") ..  _ _ 


- AUTO  LOADING  SYSTEM  - 


BILL  OF  MATERIAL 

- --  - 

item  No. 

• 

Qty.  Per 
Station 

Qty. 

Faci: 

13. 

Myers  Scru-Tite  Fitting.  3/A  Inch  Conduit  Size  Cat.  # ST-2 

3 . 

I 

u. 

Crous e-Hinds  Arktite  Plug,  30  Ampere,  2 Hire,  3 Pole, 
Style  2.  for  .500  - .875  DLa.  Cord.  Cat.  If  APJ  3363  * 

1 

0 

15. 

Hoffman  NEKA  12  Panel  Enclosure,  16  x 12  x 8 Inches, 
Cat.  No.  A-161208  Including  13  x 9 Removable  Panel 

1 

1 

16. 

Control  Valve.  3 Inch.  Bronze  per  AFCI  Spec. 

1 

0 

17. 

Pushbutton,  Momentary  Contact,  Oil  Tight,  2 N.  0.  Contacts, 
C-H  10250T111-2M26 

1 

0 

13. 

Terminal  Block,  12  Point,  30  AMP,  600  Volt,  with  Screw-Type 
Terminals  and  Marking  Strip.  C-H  #10987-H7-1 

1 

2, 

19. 

Terminal  Block,  6 Point,  30  AMP,  600  Volt,  with  Screw-Type 
Ten  >nals  and  Marking  Strip.  C-H  #10987-H5-1 

0 

1 

/ 


*IGD  Note:  This  Plug  Mates  with  Crouse  Hinds,  30  AMP, 

2 Wire,  3 Pole,  Spring-Door  Receptacle 
Cat.  No.  ARRH  3322 


<H  :sls 


- ftige  2 - 


t 


S 


o 


A c?4fitfyoe&t & and C6emtea& 


August  10,  1962 
Number  17 


A MISTI  PR0EUSM 


Vapor  Clouds  from  Defrost  Operations  Allegedly  Caused  Highway  Accident 


On  two  occasions  in  the  past  six  months,  vapor  clouds  from  vent 
stacks  or  liquid  disposal  systems  allegedly  have  obscured  public 
highways  in  the  vicinity  of  generating  facilities;  and,  according 
to  insurance  claims,  have  caused  several  vehicle  accidents  with 
resultant  personnel  injury.  Air  Products  is  now  faced  with 
possible  legal  action  arising  from  these  claims  which  allege 
negligence  on  our  part  as  causing  or  contributing  to  the  accident. 

Normally,  we  might  not  expect  product  vapors  to  present  any 
safety  problem  to  public  or  private  property  adjacent  to  APCI 
facilities  because  of  care  in  equipment  design  and  plant  layout. 
Climatic  conditions,  however,  are  variable  and  uncontrollable  and 
may  cause  vapors  to  settle.  During  these  unusual  conditions, 
public  and  private  property  may  be  exposed  to  a hazard  for  which 
APCI  will  be  held  responsible. 

Supervisors  and  shift  foremen  must  be  alert  during  defrost  and 
liquid  disposal  operations  to  the  direction  of  the  vapor  flow. 

If  it  is  apparent  that  highways , public,  or  private  property  are 
going  to  be  involved,  discontinue  operations  to  eliminate  the 
hazard  and  resume  when  conditions  are  a vain  normal.  Review 
liquid  disposal  systems  to  determine  if  improvements  can  be  made 
to  minimize  the  vapor  problem.  If  necessary,  warning  signs 
should  be  posted  to  alert  the  general  public  to  the  possibility 
of  the  vapor  hazard. 

Access  vapors  may  also  be  a problem  during  loading  or  unloading 
of  a liquid  tanker,  particularly  il  a warm  tank  is  involved; 
also  if  a tanker  is  involved  in  an  accident  and  the  tank  or 
pining  is  ruptured.  In  these  events,  prompt  action  by  the  driver 
i?  required  to  control  the  rate  of  transfer  or  to  suitably  warn 
and  control  traffic  that  may  be  involved. 
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PRODUCT  VAPOR  HAZARDS 


H.  H.  Master 

Product  vapors  can  cause  a number  of  hazards. 
Tanker  loading  operations  are  one  of  our  most 
frequent  sources  of  such  problems.  Each  loca- 
tion, climatic  conditions,  type  product,  ad- 
jacent equipment,  and  employee  or  third  party 
involvement  must  be  considered  in  these  oper- 
ations. The  attached  pictures,  sketch,  article, 
and  general  rules  are  some  of  the  guidelines 
and  information  to  consider  in  eliminating 
exposure  to  yourself,  the  public,  your  fellow 
employee  and  the  customer  - not  to  mention 
the  property  of  same. 
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SAFETY  INFORMATION  RELATIVE  TO  LIQUID- VAPOR  CLOUDS 


Over  the  years  there  have  been  a number  of  incidents  within  the 
company  and  related  industries  where  vapors  have  caused  accidents  involving 
company  personnel  and  third  parties.  Some  reasons  for  the  accidents  include 
excessive  vaporising  due  to  loading  (particularly  with  a warm  tanker), 
accidental  spills  and  damping  liquid  for  tanker  conversions  or  disposal  of 
off-specification  product. 


There  are  a number  of  factors  which  can  vary  the  hazard  poten- 
tial. Two  of  the  most  important  are  wind  direction  and  velocity.  The  wind 
direction,  of  oourse,  would  influence  the  direction  the  vapors  would  move 
and  the  wind  velocity  the  rate  of  dispersion.  The  properties  of  the  gas 
would  be  a factor  on  diffusion  rate.  The  direction  of  the  wind  should  be 
considered  as  it  is  your  first  consideration  as  to  whether  personnel,  equip- 
ment, or  traffic  may  be  influenced  by  the  cloud.  Although  the  velocity 
may  help  the  dispersion,  it  can  also  increase  the  hazards  as  it  could  carry 
the  vapors  farther.  One  of  the  worst  situations  would  be  a high  humidity 
condition  with  little  or  no  wind.  The  heavy  vapors  tend  to  "hug"  the  ground 
and  can  spread  farther  than  one  may  expect.  One  incident  under  such  condi- 
tions caused  two  separate  accidents  on  a public  road  approximately  300' 
from  the  loading  area  and  on  the  side  opposite  the  liquid  storage  building. 


In  addition  to  the  hazards  created  by  visibility  restrictions, 
there  are  also  the  concentrations  of  products  In  the  atmospheres.  Degree 
and  type  of  hazard  will  vary  with  the  product  involved.  Of  our  most  cu  non 
products,  the  oxygen  would  increase  the  potential  of  a fire  hazard,  nitro- 
gen or  argon  could  result  in  asphyxiating  atmospheres,  and  hydrogen  or 
natural  gases  could  create  asphyxiating  and  flanmable  possibilities.  Prop- 
erties of  the  products  will  influence  the  potential  hazard  exposure  but 
with  the  low  temperatures  involved,  there  will  always  be  some  possibility 
of  the  vapors  "hugging"  the  ground. 


A number  of  experiments  have  been  run  to  determine  the  purities 
of  atmospheres  within  a vapor  cloud.  Most  of  this  work  has  been  done  with 
oxygen,  but  has  some  application  to  all  cold  vapors.  Generally,  the  atmos- 
phere outside  of  the  vapor  cloud  will  be  air  (21$  oxygen)  and  inside  the 
cloud,  the  atmosphere  will  vary  from  21$  oxygen  to  100$  oxygen  on  oxygen 
vapors  or  21$  oxygen  to  G$  oxygen  for  other  products*.  The  extremes  (100$ 
or  0$  oxygen)  in  both  cases  would  probably  be  limited  to  liquid  spills  with 
the  purity  taken  immediately  above  the  liquid  pool.  However,  we  must  bear 
in  mind  that  any  oxygen  concentration  above  21$  increases  the  combustibility 
to  a considerable  degree.  Reduced  oxygen  content  results  in  asphyxiation 


possibilities 

Biospheres: 


Safety  Gram  #28  outlines  these  symptoms  in  low  oxygen  at- 


Oxygen  Content 
12*  to  14* 
10*  to  12* 

8*  to  10* 


Signs  and  Symptoms 

Respirations  deeper,  pulse  up,  coordination  poor 

Respiration  fast  and  shallow,  giddiness,  poor 
judgement,  lips  blue 

Nausea,  vomiting,  unconsciousness,  ashen  face 


6*  to  8* 


8 minutes  - 100*  fatal;  6 minutes  - 50*  fatal; 
4-5  minutes  - all  recover  with  treatment 


4* 


Coma  in  40  seconds,  convulsions,  respiration 
ceases,  death 


Oxygen  concentrations  of  less  than  4*  will  cause  unconsciousness 
and/or  death  within  ten  seconds  or  just  a matter  of  several  breaths.  The 
above  symptoms  will  vary  with  the  individual's  physical  condition  and  activ- 
ity within  the  varying  atmospheres. 


Present  corporate  safety  rules  do  not  permit  entry  in  oxygen 
deficient  areas  lower  than  18*  oxygen  or  concentrations  above  25*  without 
wearing  proper  protective  equipment  and  following  specific  procedures. 


As  you  can  see,  a considerable  amount  of  judgement  is  necessary 
in  determining  working  atmospheres  and  influence  of  climatic  conditions  in 
dispersal  of  vapor  clouds  to  a point  where  it  is  safe  for  personnel,  equip- 
ment and  traffic  within  company  bounds  and  outside  our  facility  limits. 
Oxygen  analyzers  ("sniffer"  type)  are  available  at  all  our  facilities,  but 
obviously  it  would  be  impractical  to  use  them  all  the  time  and  after-the- 
fact  applications  may  be  too  late.  The  18*  to  25*  oxygen  safe  range  is 
generally  applied  where  we  have  some  definite  controls,  such  as  entry  into 
vessels.  For  load-unload  applications,  the  best  safety  rule  is  to  limit 
the  cloud  to  the  immediate  area  of  the  vent  (and  away  from  personnel)  by 
controlling  the  venting  rate  or  utilising  vent  systems  directing  vapors  to 
remote  areas. 


Attached  are  pictures  and  a sketch  of  a recent  incident  where 
a driver  dumped  LIN  at  high  rate  when  there  was  essentially  no  wind  and 
high  humidity  conditions.  Fortunately,  there  were  no  accidents  as  a result, 
but  the  cloud  did  approach  a public  road,  a supervisor  ran  through  the  cloud 
to  stop  the  operation,  and  several  motor  vehicles  were  included  in  the 
vapor  blanket.  Oxygen  or  flaranable  gases  would  have  created  even  more  of 
a hazard  under  similar  conditions.  AH  pictures  were  taken  from  essentially 


the  same  point  indicated  by  the  figure.  The  numbers  and  arrows  from  the 
sketch  figure  relate  to  three  of  the  picture  numbers.  Picture  4 shows  the 
source  tanker  with  a slight  vapor  cloud  after  the  individual  was  warned  to 
limit  the  dump.  Qn  the  sketch,  this  is  the  rig  parked  at  an  angle  to  the 
top,  left  of  the  three  spotted  tankers. 


Also  attached  are  copies  of  an  incident  involving  1DX.  vapors 
at  the  John  F.  Kennedy  Space  Center.  This  article  from  the  Fire  Journal, 
January  1971,  gives  you  some  idea  what  can  happen  with  the  right  concentra- 
tions at  the  wrong  time  or  place.  In  this  case  there  were  facilities  for 
liquid  disposal,  the  cloud  was  relatively  small,  and  personnel  in  general 
were  knowledgeable,  but  a set  of  unusual  circumstances  resulted  in  consid- 
erable property  damage  and  personnel  exposure  although  no  one  was  hurt  in 
this  case. 


There  are  a number  of  safety  procedures  in  manuals,  standards 
and  safety  grams  relative  to  this  problem.  A summary  of  these  rules  and  a 
few  others  are  listed  below: 

1.  Some  locations  have  vapor  dispersal  systems  (manifolds  to  stacks 
at  more  remote  locations)  installed  because  of  extreme  climatic 
and/or  personnel  and  public  exposure.  Some  of  these  stacks  hcve 
blowers  attached  which  mix  ambient  air  with  the  effluent  gases  to 
assist  in  dispersal  of  vapors  by  warming  it  and  to  reduce  product 
concentration  purities.  All  tankers  at  applicable  facilities 
must  be  fitted  with  vent  system  fittings  and  must  be  connected 

so  vapors  are  directed  to  the  vent  stack.  £ven  vent  stacks  with- 
out blowers  may  require  curtailed  load  rates,  particularly  with 
extremely  adverse  climatic  conditions  or  when  filling  a warm 
tanker.  "Foreign"  tankers  frequenting  these  facilities  shall 
be  requested  to  install  fittings  for  our  vent  systems.  If  they 
do  not  comply,  they  shall  have  flow  rates  curtailed  as  necessary 
'and  require  their  drivers  on  standby  at  all  times  during  loading. 

2.  Flow  rates  must  be  adjusted  to  limit  vapors  in  the  loading  fac- 
ilities where  there  are  no  vent  stacks.  This  is  particularly 
true  when  filling  a warm  trailer  where  there  will  be  more  boil- 
off. 

3.  Overfilling  will  result  in  liquid  from  vents  and  shall  be  avoided. 

4*  Repair  leaking  lines,  valves,  or  equipment  as  necessary.  Replace 
fill  line  gaskets  as  required. 

5.  Do  not  start  an  engine  or  drive  a motor  vehicle  in  a heavy  con- 
centration of  venting  gases.  Fuel  is  always  present  in  the  form 
of  oil  and  grease  accumulations  on  the  engine,  and  the  insulation 
of  the  electrical  system.  Ignition  can  take  place  due  to  frayed 
insulation  resulting  in  an  electrical  spark  or  a hot  exhaust  man- 
ifold. If  a parked  vehicle  is  exposed  to  oxygen  or  flammable  gas 
vapors,  do  not  start  the  engine  until  the  hood  has  been  lifted. 
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ventilated,  and  checked  with  an  appropriate  analyzer. 

6.  Compartments  of  vehicles  and  loading  areas  shall  be  kept  tidy  and 
clear  of  combustible  materials. 

7.  Observe  "No  Smoking"  regulations  in  loading  areas. 

8.  If  you  have  been  exposed  to  concentrations  of  venting  oxygen  or 
flamaable  gases  and  clothing  cannot  be  changed,  do  not  smoke  for 
at  least  one-half  horn*  until  the  gas  has  dissipated,  itemain  in 
a well  ventilated  area  and  slap  clothing  to  assist  dispersion  of 
oxygen  vapor  from  clothing.  There  was  an  incident  a few  years 
back  when  ten  men  were  involved  (one  seriously)  in  a fire  caused 
by  one  man  lighting  a cigaret  in  a smoking  area  where  an  unsus- 
pected oxygen  enrichment  existed  as  a result  of  a previous  LOK 
dump  in  the  general  area.  The  other  men  suffered  some  burns 
when  they  caught  fire  trying  to  put  the  first  one  out. 

9.  Pipelines,  trenches,  sewers,  etc.  must  be  considered.  Vapors 
can  accumulate  in  sewers  and  spread  to  other  areas  where  the 
ignition  potential  is  possible.  Also,  liquid  on  or  in  pipelines 
or  transportation  equipment  can  cause  fractures  as  carbon  steels, 
plastics,  and  some  other  construction  materials  become  brittle 
and  can  fracture  easily  at  temperatures  below  -20°F.  Pipelines 
in  high  pressure  service  could  have  catastrophic  results  if  they 
were  fractured.  Freezing  of  water  or  other  service  lines  can 
present  other  problems.  Company  facilities  avoid  such  problems 
at  loading  areas  but  customer  loading  facilities  may  not  always 
be  so  inclined.  When  selecting  a dump  area  on  APCI  facilities, 
this  point  must  be  kept  in  mind. 

10.  Dumping  of  off-specification  or  tanker  conversion  liquid  shall 
be  done  in  a clean,  safe  area.  Some  of  the  considerations  are 
listed  above.  Facilities  with  dispersal  system  tanks  (usually 
limited  to  500  gallons)  shall  dump  the  liquid  in  the  tank.  Be 
sure  the  area  is  clean.  Ther-  is  a fatality  recorded  where 
oxygen  was  drained  in  a "dirty"  ground  area  and  when  a high  pres- 
sure air  line  was  blown  down  in  the  same  spot,  they  had  an  ex- 
plosion which  created  a crater  about  two  feet  in  diameter. 
"Shrapnel"  struck  one  of  the  operators  in  his  chest  resulting 

in  his  death. 

11.  All  personnel  involved  in  loading,  handling,  or  transportation 
of  cryogenic  liquids  shall  be  familiar  with  the  properties  of  the 
products.  Information  is  available  in  various  safety  manuals 

at  all  Operations  sites.  Other  material  or  additional  copies 
are  available  through  the  Operations  Safety-Service  Manager 
or  Safety  Department. 
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INDUSTRIAL  SAFETY  POLICY 
Based  on  Section  625.0.1,  Safety  Standards. 


I.  PURPOSE 

To  establish  a standard  procedure  for  safety  policies  and  practices  and 
safe  working  conditions. 


II.  RESPONSIBILITY 

A.  Senior  Management  shall  be  responsible  for  the  inception  and 
effectiveness  of  the  safety  program  throughout  the  company. 

B.  The  Safety  Department  shall  be  responsible  for  the  establishment  of 
corporate  safety  policy  and  practices.  It  shall  also  periodically 
review  the  safety  program  at  each  facility. 

C.  The  Department  Manager  shall  be  responsible  to  Senior  Management 
for  all  accidents  resulting  from  activities  within  his  department 
and  for  the  effective  operation  of  the  safety  program  in  his 
department. 

D.  The  Regional  Manager  shall  be  responsible  to  the  Department  Manager 
for  all  accidents  resulting  from  activities  within  his  region 

and  for  the  effectiveness  of  the  safety  program  in  his  region. 

E.  The  Plant  Manager  shall  be  responsible  to  the  Regional  Manager 
for  all  accidents  resulting  from  activities  within  his  plant  and 
for  the  effectiveness  of  the  safety  program  within  his  plant. 

P.  The  Assistant  Plant  Manager  (foreman,  shift  supervisor,  etc.)  shall 
be  responsible  to  the  Plant  Manager  for  nil  accidents  resulting  from 
activities  under  his  supervision  and  for  the  effectiveness  of  the 
safety  program  in  all  operations  in  which  he  may  be  involved. 

G.  From  time  to  it  is  necessary  to  set  up  special  groups  or 

task  forces  to  tiandle  particular  problems,  such  as  special 
engineering  projects  or  construction  activities.  The  supervisors 
at  the  various  levels  within  these  groups  shall  operate  under  the 
basic  philosophy  that  safety  is  a line  function.  They  shall  be 
responsible  for  all  accidents  resulting  from  activities  within 
their  Jurisdiction  and  for  the  effectiveness  of  the  safety  program 
at  their  levels. 
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IHDUSTRIAL  SAFETY  POLICY 
Based  on  Section  625.0.1,  Safety  Standards. 


III.  PROCEDURES 


A.  Senior  Management  acts  to  prevent  accidents  and  improve  the 

effectiveness  of  the  safety  program  throughout  the  corporation. 

It  shall: 

1.  Provide  the  direction  and  motivation  to  ensure  a dynamic  corporate 
safety  program. 

2.  Delegate  each  Department  Manager  the  authority  to  provide  safe 
equipment  and  a safe  working  environment  in  his  department. 

3.  Consult  with  the  Safety  Department  in  the  interest  of  constantly 
improving  the  safety  program. 

M.  Review  reports  and  analyses  from  the  Safety  Department  for  the 
purpose  of  evaluation  of  the  safety  program. 

B.  The  Safety  Department  shall  maintain  a staff  relationship  with 

every  department  of  the  company.  It  shall: 

1.  Formulate  corporate  safety  policy  and  establish  the  basic 
safety  program. 


2.  Perform  periodic  safety  inspections  at  all  company  facilities, 
report  on  conditions  there,  and  recommend  remedial  action  where 
necessary. 


3.  Distribute  safety  information  to  all  departments  of  the  company. 

I*.  Review  and  analyse  safety  reports  from  the  various  facilities 
and  make  recommendations  when  necessary. 

5.  Compile  statistics  with  regard  to  the  frequency,  severity,  and 
causes  of  accidents  and  recommend  corrective  action  to  management . 

6.  Be  available  to  all  departments  for  consultation  on  safety 
problems . 

C.  The  Department  Manager  shall  perform  the  following  duties: 

1.  Delegate  authority  for  control  of  accidents  to  the  Plant  Manager 
reporting  to  him. 
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IHDUSTRIAL  SAFETY  POLICY 
Based  on  Section  625.0.1,  Safety  Standards. 


2.  Amplify  and  clarify  procedures  for  his  ov*  department. 

3.  Consult  with  the  Safety  Department  in  the  interest  of  constantly 
improving  the  safety  program. 

k.  Review  reports  and  analyses  from  the  Safety  Department  for  the 
purpose  of  evaluation  of  his  safety  program. 

D.  The  Regional  Manager  shall  direct  the  safety  program  within  his 

region.  He  shall: 

l.  Delegate  authority  for  administration  of  the  plant  programs, 
including  control  of  accidents,  to  the  Plant  Managers. 

2.  Delegate  to  the  Safety  Supervisor  (if  such  a position  is 
included  in  his  organization)  or  Plant  Manager  the  authority 
required  for  an  effective  and  dynamic  safety  program  within 
his  region. 

3.  Consult  with  the  Safety  Department  in  the  interest  of  constantly 
improving  the  safety  program. 

h.  Review  all  aspects  of  safety  with  the  Safety  Department  and 
each  Plant  Manager. 

5.  Review  the  Monthly  Summary  of  Injuries  (Form  2021)  with  each 
Plant  Manager. 

E.  The  Plant  Manager  directs  the  safety  program  within  his  plant. 

He  shall: 

1.  Delegate  authority  to  Assistant  Plant  Managers  (shift  super- 
visors and  foremen).  Each  Assistant  Plant  Manager  should  be 
given  the  authority  to  administer  the  safety  program,  including 
the  control  of  accidents,  within  his  area  of  responsibility. 

The  Plant  Manager  should  consult  with  Assistant  Plant  Managers 
often  on  problems  relating  to  the  program. 

2.  Delegate  to  the  Safety  Supervisor  (if  there  is  one  at  his 
plant)  the  authority  required  for  an  effective  and  dynamic  safety 
program  within  the  plant. 
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INDUSTRIAL  SAFETY  POLICY 
Based  on  Section  625*0.1,  Safety  Standards. 


3.  Bold  at  least  one  eafety  meeting  a month  at  all  locations 
where  manufacturing  and  operations  activities  and  performed. 
Representatives  of  both  hourly  and  supervisory  employees  shall 
attend  the  meeting  on  a rotating  basis.  Minutes  of  the  safety 
meeting  (Form  2030)  must  be  prepared  and  distributed  after 
each  meeting. 

4.  Investigate  all  accidents  with  the  responsible  supervisor, 
report  accidents  to  the  Regional  Manager,  and  take  emergency 
action  when  necessary. 

5*  Keep  equipment  in  prime  operating  condition,  and  establish 
and  maintain  a safe  housekeeping  program. 

6.  Inspect  the  plant  monthly,  using  the  Monthly  Plant  Safety 
Survey  (Form  2032)  as  a guide. 

T.  Maintain  the  following  accident  reports,  which  are  submitted  by 
the  Assistant  Plant  Managers.  These  forms  are  described  and 
illustrated  in  Section  5.18  of  .his  manual. 

a.  First  Aid  Report  (Form  2019) 

b.  First  Report  of  Accident  (Form  LC-2680;  in  Florida,  use 
Form  LC-3621) 

c.  Supervisor  Accident  Investigation  Report  (Form  2020) 

d.  Bear  Accidents,  Unsafe  Practices  or  Conditions  (Form  2023) 
8.  Prepare  and  submit  a Monthly  Summary  of  Injuries  (Form  2021). 


F. 


9.  Perform  a monthly  contaminant  test  and  report  results  on  Form  2033,  [ 
Monthly  Report  of  Contaminant  Testing.  Reporting  requirements 
are  detailed  in  Section  5.18  of  this  manual.  Safety  Reports 
and  Forms. 


Each  Assistant  Plant  Manager  (shift  supervisors  and  foremen)  shall 
work  personally  with  the  employees  in  his  section  to  give  qach 
employee  a keen  awareness  of  his  personal  responsibility  for  safety 
on  the  job.  Under  the  supervision  of  the  Plant  Manager,  the 
Assistant  Plant  Manager  shall  incorporate  safety  tasks  into  his 
principle  duties.  He  shall: 


\ 
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IRDUSTRIAL  SAFETY  POLICY 
Based  on  Section  625.0.1,  Safety  Standards. 


1.  Teach  employees  that  accidents  are  caused  and  can  be  prevented; 
each  employee  should  be  taught  the  hazards  of  his  own  job  and 
the  ways  to  avoid  them. 

2.  Convince  each  employee  that  violation  of  safety  rules  will  not 
be  tolerated. 

3.  Provide  appropriate  safety  equipment  and  protective  devices 
for  each  job. 

h.  Give  full  support  to  all  safety  activities  and  procedures. 

5.  Conduct  safety  appraisals  of  his  section,  including  a careful 
inspection  of  new  and  relocated  equipment  before  it  is  used. 

6.  Correct  unsafe  conditions  promptly  and  prevent  repetition  of 
unsafe  acts. 

7.  Investigate  and  find  the  causes  of  all  accidents,  even  those 
which  result  in  only  minor  injuries. 

8.  See  that  all  injuries  are  reported  and  properly  treated. 

9.  Prepare  and  submit  the  following  reports  to  the  Plant  Manager. 
These  reports  are  described  in  Section  5.18  of  this  manual. 

a.  First  Aid  Report  (Form  2019) 

b.  First  Report  of  Accident  (Form  LC-2680 ; in  Florida,  use 
Form  LC-3621) 

c.  Supervisor  Accident  Investigation  Report  (Form  2C20) 

d.  Hear  Accidents,  Unsafe  Practices  or  Condition.*  (Form  2023) 
G.  Executive  Safety  Council 

1.  Membership.  All  members  of  the  Council  are  permanent  members 
except  the  representatives  listed  as  item  d,  below,  who  are 
'rotated,  with  one  new  member  named  each  quarter.  The  members 
include: 
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INDUSTRIAL  SAFETY  POLICY 
Based  on  Section  625.0.1,  Safety  Standards. 


a.  Senior  Management  Member  (Chairman) 

b.  Safety  Director 

c.  Personnel  Director 

d.  Four  representatives  of  major  departments  or  divisions. 

2.  Activities.  The  Executive  Safety  Council  shall: 

a.  Meet  each  quarter. 

b.  Determine  actions  to  be  taken  on  accident  control  problems 
indicated  by  the  Safety  Director's  analyses  and  reports. 

c.  Prepare  directives  for  the  President,  indicating  specific 
measures  necessary  to  improve  the  safety  program . These 
will  be  issued  to  Regional  and  Plant  Management  personnel. 

d.  After  each  meeting,  submit  to  the  President  a report  of  the 
progress  of  the  safety  program. 


IV.  RELATED  PROCEDURES 

1.01,  Index  of  Safety  Reference  Literature 
5.18,  Safety  Reports  and  Forms 
5.21,  Accident  Reporting 
Operations  Seifety  Manual  (pocket-sized) 

Safety  Standards,  Section  625.0.1,  Industrial  Safety  Policy 


V.  RELATED  FORMS 

ROTE 

For  descriptions  and  samples  of  the 
following  forms,  see  Section  5.18, 
Safety  Reports  and  Forms. 


If 

I 

i 


5.16 


,4^iw/JU6  PROCESS  EQUIPMENT  DIVISION 

PLANT  OPERATIONS  MANUAL 


INDUSTRIAL  SAFETY  POLICY 
Based  on  Section  625.0.1,  Safety  Standards. 

2019,  First  Aid  Report 

2020,  Supervisor  Accident  Investigation  Report 

2021,  Monthly  Summary  of  Injuries 

2023,  Rear  Accidents,  Unsafe  Practices  or  Conditions 
2030,  Minutes  of  Safety  Meeting 

2032,  Monthly  Plant  Safety  Survey 

2033,  Monthly  Report  of  Contaminant  Testing 
LC-2680 , First  Report  of  Accident 

LC-3621,  First  Report  of  Accident  (Florida  only) 
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To  establish  a standard  procedure  for  all  accident  reporting  and  processing. 


Rev.  H.  UEF1M1T10H 


A.  Accident*  as  used  in  this  procedure  shall  consist  of  the  following: 

1*  All  events  and  occurrences  resulting  in  loss  or  destruction  of 
AFCI  property,  wherever  located. 

2.  A "lost-time"  injury  to  or  death  of  AFCI  personnel  while  on  duty 
or  in  travel  status  on  company  business. 

3.  Loss  or  destruction  of  property. 

A.  Injury  to  or  death  of  third  persons  - 

a.  while  on  AFCI  property 

b.  resulting  from  or  relating  to  property  or  products  owned, 
manufactured  or  sold  by  AFCI 

c.  due  to  conduct  of  AFCI  personnel,  contractors,  or  subcontractors 

B.  Accident,  as  used  in  this  procedure,  is  not  intended  to  include 
maintenance  shut-downs  of  a plant,  repairs  of  deteriorated  equipment, 
road  service  for  vehicles,  etc.,  nor  shall  it  relate  to  the  employee 
group  Insurance  plan. 

m.  RESPONSIBILITY 


Rev. 


A.  The  Plant  Manager  or  Supervisor  of  the  facility  at  which  an  accident 
oc~*  's  is  responsible  for: 

1.  Reporting  the  accident  ir  accordance  with  his  particular  Division 
Stricter  1 Operating  Procedure . These  procedures  must  cover  phone 
reports  to  the  following: 

a.  The  Division  Manager  (through  appropriate  lim  responsibility) 

b.  The  Corporate  Safety  Director 

c.  The  Insurance  Manager 

d.  The  Manager  of  Public  Relations 


The  Corporate  President  (not  more  than  hours  after  the 
accident) 


aa 

2D 
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The  Vice  President  of  the  Law  Department  must  be  notified 
in  all  cases  involving  personnel  or  property  of  third  parties 
(customers,  general  public,  etc.) 
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g.  The  Manager  of  Personnel  Administration  most  he  notified  in 
all  eases  involving  "lost-time"  injury  or  death  of  APCI 
personnel. 

h.  The  Insurance  Carrier's  local  office  - For  certain  types  of 
accidents  the  Insurance  Manual  states  which  insurance  carrier 
must  he  notified  immediately. 

In  the  absence  of  Division  Procedures  contact  the  Division 
Manager  through  appropriate  line  responsibility  and  the  Corporate 
Safety  Director  as  soon  as  practicable.  The  Corporate  Safety 
Director  will  then  notify  the  necessary  Corporate  Management. 

NOTE;  In  cases  of  accidents  Involving  personnel  "lost-time”, 
third  party  personnel  and  equipment  and  major  equipment 
damage  (including  vehicles)  the  initial  contact  will  he 
made  by  telephone . For  minor  equipment  damage  (dented 
fender  type  accidents)  the  initial  contact  will  he  made 
tnrough  normal  channels. 

2.  Taking  any  emergency  action  necessary  to  minimize  the  extent  of 
the  loss  or  damage. 

3*  Initiating  any  forms  necessary  to  replace  damaged  property. 

Rev.  4.  In  case  of  injury  to  an  employee  of  another  division,  the 

injured  employee's  Division  Manager  will  he  notified. 

Rev.  B.  The  Divisional  Manager  is  responsible  for  determining  overall  emergency 

strategy  such  as  where  and  when  damage  is  to  he  repaired,  source  of 
alternate  product,  etc. 

Rev.  C.  The  Safety  Director  is  responsible  for: 

1.  Investigating  all  accidents  involving  injury  to  third  parties. 

2.  Investigating  all  other  accidents  as  necessary. 

3.  In  conjunction  with  the  Department  or  Division  involved,  develop 
corrective  measures  to  prevent  recurrence  of  the  accident. 

4.  Provide  reports,  information  and  technical  assistance  to  the 
Insurance  and  Law  Departments  as  necessary. 

5.  Compile  accident  statistics  and  data  and  prepare  reports  as 
required  for  management  information  and  The  Corporate  Safety 
Program. 

Rev.  D.  The  Controller  is  responsible  for  the  accumulation  of  cost  information  , 

relating  to  the  repair  or  replacement  of  property  damaged  or  destroyed  , 
by  the  accident  and  for  the  recording  and  disposition  of  Insurance 
Claims  upon  notification  of  the  Insurance  Department. 
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Rev. 


Add 


Rev. 


E.  The  Vice  President  of  the  Law  Department  is  responsible  for  rendering 
legal  assistance  to  the  Insurance  Manager  in  connection  with  claims 
from  third  parties  and  as  may  be  required  on  other  claims. 

F.  The  Insurance  Manager  is  responsible  for: 

1.  Determining  whether  or  not  an  accident  is  covered  by  insurance  in 
force. 

2.  Preparation,  filing  and  negotiation  of  all  insurance  claims. 

3*  Notifying  the  Controller  of  the  status  of  all  Insurance  claims. 

4.  Preparation  of  loss  experience  data  with  respect  to  both  insured 
and  uninsured  accidents. 

G.  The  Manner  of  Public  Relations  is  responsible  for  handling  all  press 
inquiries  after  coordinating  the  Information  with  the  appropriate 
Division  Manager  and  clearing  the  information  to  be  released  through 
the  Insurance  Department,  Law  Department  and  other  established  channels. 

H.  All  Department  Heads  must  have  a working  knowledge  of  the  Insurance 
Manual  and  the  Safety  Standards  Manual  end  are  responsible  for  their 
employees  complying  with  the  instructions  contained  in  these  manuals. 


IV.  PROCEDURE 


Rev.  A.  All  statements  with  respect  to  any  accident  made  to  anyone  not  connected 

with  the  Company  will  be  handled  through  the  Insurance  or  Public  Relations 
Departments  at  Trexlertcwn  after  consultation  with  the  Law  Department. 

Any  statements  required  to  be  made  to  the  APCI  Insurance  Company 
representative  or  law  enforcement  authorities  will  be  confined  to  the 
basic  facts  and  further  details  must  be  cleared  prior  to  release.  No 
statement  as  to  liability  for  the  accident  will  be  made  to  anyone  not 
connected  with  the  Company. 

Rev.  B.  The  procedures  to  be  followed  in  regard  to  the  individual  reports  to 

be  completed  for  the  Insurance  Department  and  the  Insurance  Carriers 
are  detailed  in  the  Insurance  Manual. 


Add  C.  The  procedures  to  be  followed  in  regard  to  the  individual  reports  to 

be  completed  for  the  Safety  Department  are  detailed  in  the  Safety 
Standards  Manual. 


Add 
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D.  The  procedures  to  be  followed  in  regard  to  the  individual  reports  to 
be  completed  for  Division  Management  are  detailed  in  the  Division 
Operating  Procedures. 

V.  RELATED  MATERIAL 


APCI  Insurance  Manual 
Safety  Standards  Manual 
Division  Operating  Procedures 
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I.  PURPOSE 

To  establish  a standard  procedure  for  Operations  Supervisors  and  Management 
to  report  accidents.  This  procedure  is  intended  to  supplement  Corporate 
Administrative  Procedure  1.5  and  be  definitive  for  the  general  areas  in  that 
Procedure  so  they  are  applicable  to  Operations  Department  reporting  methods. 


II.  RESPONSIBILITY 

Plant,  Regional  aou  Operations  office  managers  are  responsible  for  compliance 
with  the  provisions  of  this  procedure  as  applicable. 


III.  PROCEDURE 

A.  Definition 

1.  Accident  as  used  in  this  procedure  shall  consist  of  the  following: 

a.  All  event 8 and  occurrences  resulting  in  loss  or  destruction  of 
APCI  property,  wherever  located. 

b.  A "lost  time"  ir jury  to  or  death  of  APCI  personnel  while  on  duty 
or  in  travel  status  on  company  business. 

c.  Loss  or  destruction  of  property.  j 

I 

d.  Injury  to  or  death  of  third  persons.  I 

I 

(1)  While  on  APCI  property.  j 

j 

(2)  Resulting  from  or  relating  to  property  or  products  owned, 
manufactured  or  sold  by  APCI. 

I 

(3)  Due  to  conduct  of  APCI  personnel,  contractors,  or  subcontractors. 

2.  Accident  as  used  in  this  procedure  is  not  intended  to  include  maintenance 
shutdowns  of  a plant , repairs  of  deteriorated  eqy ’ ^ment , road  service  for 
vehicles,  etc.,  nor  shall  it  relate  to  the  employee  group  insurance  plan. 
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B.  The  Plant  Manager  will  be  responsible  for: 

1.  Taking  any  emergency  action  necessary  to  minimise  the  extent  of  the 
loss,  damage  or  injuries  to  personnel. 

2.  Contacting  the  Regional  Manager  and  relating  details  of  the  incident. 

3.  Notifying  Insurance  Companies: 

a.  Written  notification  shall  be  made  to  Hartford  Accident  & Indemnity 
, utilising  the  form  described  in  III,  F-l  below  in  event  of  employe* 

injury. 

b.  Hartford  Accident  H Inueunity  shall  be  notified  verbally  in  the 
event  of  injury  to  the  person  or  property  of  the  public.  Written 
reports  on  the  matter  shall  be  done  in  accordance  with  III,  F-3 
below. 

c . Prompt  verbal  notice  shall  be  given  to  Maryland  Casualty  or  the 
Factory  Insurance  Association  in  respect  to  damage  to  APCI  propert 
or  interruption  of  production.  We  can  be  penalised  for  late  repor 

U.  Completing  accident  report  forms  outlined  below.  The  Safety  Insurance 
and  Law  Departments  can  be  consulted  in  this  area. 

t>.  Initiating  any  forms  necessary  to  replace  damaged  property. 

6.  In  case  of  injury  to  an  employee  of  another  division  notify  the  injure 
employee's  Division  Manager. 

C.  The  Regional  Manager  will  be  responsible  for: 

1 

1.  Contacting  Operations  General  Production  Manager  or  Assistant  to 
Vice  President  of  Operations  and  transmit  the  details  of  the  incident 
to  them.  If  neither  one  of  these  parties  can  be  contacted  after  work:; 
hours,  the  Operations  duty  man  shall  be  contacted  through  the  answer!: 
service.  The  duty  man  shall  be  advised  to  contact  one  of  them  or  act 
their  behalf  as  outlined  below. 

2.  Determining  overall  emergency  strategy  such  as  where  and  when  damage  : 
to  be  repaired,  source  of  alternate  product,  etc. 
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D.  The  Operations  General  Production  Manager  or  the  Assistant  to  Vice  President 
of  Operations  will  he  responsible  for: 

1.  Notifying  the  Corporate  Safety  Director,  Vice  President  of  Operations, 
and  Manager  of  Public  Relations.  The  Manager  of  Personnel  Administra- 
tion must  also  be  notified  in  all  cases  involving  "lost  time"  injury  or 
death  of  APCI  personnel. 

2.  Notifying  the  Purchasing  Department  with  respect  to  potential  warranty 
claims. 

Note:  The  Corporate  Safety  Director  will  contact  the  Corporate  President, 

Law  Department  and  Insurance  Department. 


E.  General 

1.  All  statements  with  respect  to  any  accident  made  to  anyone  not  connected 
with  the  Company  will  be  handled  through  the  Insurance  or  Public  Rela- 
tions Departments. 

2.  The  Insurance  Section  of  the  Treasurers  Department  will  handle  and  direct 
claims  to  our  insurers.  Initiate  notices  as  covered  in  III,  B- ' 

3«  The  Purchasing  Department  will  direct  warranty  claims  against  vendor? 
upon  receipt  of  supporting  technical  data. 

F.  Forms  and  Reports 

1.  First  Report  of  Accident  Form  (number  will  vary  in  different  states, 
check  with  the  insurance  inspector  or  state  authority).  This  form  is  to 
be  filled  out  for  any  employee  injury  requiring  medical  attention  over 
and  above  first  aid.  One  copy  shall  be  retained  in  the  facility  file, 
one  copy  shall  be  submitted  to  the  local  Hartford  Accident  and  Indemnity 
Ccmpany  office  if  there  are  third  parties  involved,  one  copy  to  the 
Treasurers  Department  (insurance  Section),  one  copy  to  Personnel  Depart- 
ment, one  copy  to  the  Safety  Department,  one  copy  to  the  Vice  President 
of  Operations,  and  one  copy  to  the  appropriate  State  Workmen's  Compen- 
sation Agency,  if  required  (for  lost  time  accidents  where  there  is  lo_ ■» 
of  work  time  beyond  one  shift). 

2.  Supervisor  Accident  Investigation  Report  (Form  2020,  Exhibit  A).  This 
form  shall  be  filled  out  as  soon  as  is  practical  for  every  accident 
causing  injury  that  involves  "lost  time,"  for  any  accident  or  injury, 

no  matter  how  slight,  which  involves  unusual  circumstances.  A copy  shall 
be  retained  at  the  facility  and  a copy  forvarded  to  the  Vice  President  of 
Operations,  Operations  Safety-Service  Manager  and  Safety  Department. 
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3.  For  third  party  incidents  involving  APCI's  operations  and  products, 
a comprehensive  written  report  shall  he  submitted  promptly  by  the  plan 
manager  within  whose  Jurisdiction  the  accident  occurs.  Final  approval, 
shall  be  maoe  by  the  Corporate  Law  Department  and  distributed  by  than 
to  interested  parties. 

k.  In  respect  to  damage  to  APCI  property: 

a.  APCI  vehicle  accident  report 

b.  All  other  property  a comprehensive  initial  report  and  supplements^- 
reports  as  advised  or  requested. 

G.  Personnel  Contacts 

Operations  and  Safety  Personnel  contacts  are  named  in  an  appendix  to  this  j 
procedure  for  convenience  when  revising  the  procedure  to  reflect  changes  i 
personnel . i 


■PROCEDURES 


5.03,  Communications  Concerning  Jtaergency  Shutdowns 
5.16,  Industrial  Safety  Policy 
610.1.5,  Safety  Standard 
APCI  Insurance  Manual 


V.  RELATED  FORMS 


2020,  Accident  Investigation  Report  (Exhibit  A) 


APPENDIX  A 
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SAFETY  AND  OPERATIONS  PERSONNEL  CONTACTS 


Safety  Department 


Person 
Ball,  V.  L. 
Kitson,  P.  K. 
Lutes,  R.  L. 

\ 

Schmoyer , W.  W. 
StoitJa,  h.  W. 


Title 

Safety  Director 
Process  Safety  Engr. 
Fleet  Safety 
Operations  Safety  Engr. 
Industrial  Safety  Engr. 


Office 

215-395-7025 

215-395-7027 

215-395-7485 

215-395-7026 

215-395-7175 


Hone 

215-395-4131 

215-285-2121 

215-433-4049 

215-797-5926 

215-395-9812 


Operations  Department 


Off  Premise 


Person 

Title 

Office 

Hone 

Extension 

Master,  H.  H. 

Oper.  Safety-Service 
Manager 

215-395-7357 

215-797-3463 

Wynn,  H.  E. 

Oper.  General  Production 
Manager 

215-395-7354 

7941 

215-434-1425 

7933 

Scharle , W.  J. 

Asst,  to  Vice  President 
of  Operations 

215-395-7151 

7941 

215-437-2644 

7798 

Section  5-21  - Exhibit  A 

Office  Use 

IKC 

Non -Disabling  Q 

Supervisor  Accident  Investigation  Report  Disabling  (lost -time)  □ 

Name  of  Injured Clock  No. Date  of  Injury 

Age Length  of  Service:  With  Company on  Present  Job 

Occupation 

Nature  of  Injury 


Description  of  Accident 

(This  information  Is  for  use  in  preventing  similar  accidents.  Answer  questions  specifically,  as  indicated 
by  example.) 


I.  What  Job  Was  Employee  Doing  Including  Tools*  (Example:  Lifting  a heavy  casting  onto  a/our  wheel  truck.) 
Machine  and  Materials  Used? 


2.  How  Was  Employee  Injured?  (Example:  The  crating  dipped  from  his  grasp  and  /elf  on  his  toes.) 


5.  What  Hid  Employee  Do  Unsafely?  (Example:  Tried  to  lift  too  heavy  load.) 


1.  What  Was  Defective,  In  Unsafe  Condition,  or  Wrong  with  Method?  (Example:  Should  have  had  help.) 


5.  What  Safeguards  Should  Be  Used?  (Example:  Uear  Safety  Shoe*.) 


6.  What  Steps  Were  Token  to  Prevent  Similar  Injuries?  (l^mg^lwinicted  men  to  assist  each  other  in  lifting 


7.  What  Other  Strps  Should  Be  Taken  to  Prevent  a Recurrence?  (Example:  Provide  mechanical  handlina 

equipment  for  this  work.) 


Signed 

Department 
Plant 


(Over) 


Section  5*21  - Exhibit  A (Cont.) 


For  Office  Fee  Only 
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COMPRESSOR  SYSTEM 


I.  PURPOSE 

To  establish  standard  requirements  for  oxygen  compressor  systems. 

n.  score 

This  standard  applies  to  all  oxygen  compressor  systems  designed  and 
operated  by  APCI. 

IH.  APPLICABLE  GENERAL  HSSIGN  ENGINEERING  STABDftRD6 

A.  Oxygen  Compressor  Location  - See  standard  570.6. 

B.  Personnel  Protective  Shield  - See  standard  5^6.1. 

C.  Field  Testing,  Centrifugal  Oxygen  Compressors  - See  standard  551.8.1. 

D.  Field  Testing,  Reciprocating  Oxygen  Compressors  - See  standard  552.8.1. 
IF.  DESIGN  CRITERIA 

A.  Centrifugal  Compressor 

1.  System 

The  schematic  shown  in  figure  1 describes  a standard  arrangement  for 
a centrifugal  oxygen  compressor  system  utilizing  suction  pressure 
control.  The  valve  and  instrument  numbers  used  in  this  standard 
are  keyed  to  figure  1.  Although  all  centrifugal  systems  are  to 
conform  to  the  general  scheme  shown,  variations  are  necessary  to 
accommodate  capacity  requirements,  manufacturers'  differences,  and 
method  of  flow  control.  See  figure  2 for  changes  applicable  to  a 
mass  flow  control  system.  This  system  is  normally  utilized  to 
achieve  an  optimum  ratio  of  horsepower  to  product  flew  when  the 
customer's  process  permits  a constant  oxygen  delivery  rate. 

2 . System  Equipment  and  Piping 

a.  Compressor  - See  Design  Engineering  Standards  551.3*1- 


b.  Shell  and  Tube  Exchangers  - See  Design  Standards  557*2.1. 

c.  Lubrication  System  - See  Design  Engineering  Standard  558. ^.1. 

d.  lube  Oil  Piping  - See  Design  Engineering  8tamard  578.1(0.1. 

e.  Vent  Silencers  - See  Design  Engineering  Standard  558*5.2. 

f.  Instrument  Panel  - See  Design  Engineering  Standard  534.1. 
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g.  Oxygen  Piping  Concept  end  Design  Requirements  - See  the 
following  Design  Engineering  Standards : 

578.60.1  - Oxygen  Piping 

578.60.3  - CSO  1.5 

578.60.4  - CSO  2. T 

578.60.5  - CSO  5 

578.60.6  - CSO  7.2 

578.30.2  - ss  2.7 

578.30.3  - SS  6 

578.30.4  - SS  12 

578.30.5  - SS  17 

578.30.6  - SS  30 
578.30.8  - SS  36 
578.30.15-  SS  7.2 


h.  Flanges  shall  be  provided  for  removing  suction,  interstage  and 
discharge  piping  for  inspection  of  the  compressor  system. 

1.  Piping  bellows  and  liners  shall  be  300  series  stainless  steel. 
Flange  and  nipple  material  for  bellows  assemblies  shall  conform 
to  the  piping  material  selected  in  accordance  with  standard 
578.60.1,  paragraph  IV  B 5. 

j.  Compressor  suction  piping,  bellows,  etc.  shall  normally  be 
designed  for  a minimum  of  55  psi  above  the  maximum  suction 
pressure  or  the  maximum  allowable  working  pressure  of  the 
compressor  case,  whichever  is  lower.  Intent  of  this  require- 
ment is  to  permit  suction  rupture  disc  burst  pressure  to  be 
greater  than  pressure  surges  during  recycle. 

Note:  1.  Maximum  suction  pressure  is  defined  as  the  maximum 

pressure  normally  maintained  downstream  of  the 
suction  throttle  valve.  This  value  is  normally 
5 psig  for  single  compressors. 

2.  The  compressor  shall  normally  be  procured  with  a 
suction  side  maximum  allowable  working  pressure 
(MAWP)  greater  than  the  above  design  pressure  for 
suction  piping.  See  standard  551.3.1. 


3.  Where  economical,  the  suction  butterfly  valve,  the 
suction  piping  downstream  of  the  valve  and  the 
compressor  shall  have  a MAWP  equal  to  the  discharge 
pressure  of  the  compressor. 


mdOLm/ba& 


AH  IS— »m  Imm  it  Mm  cmMmM  pttptrty  Ak  NAkH  and 

Otari  fh,  Ik.  ttliw  tttMif  imtti  h i>mh  It  wUniitrilinttk- 
mmm4  mmtmw*  ng!  N OhIgrg*  m iGpwimi  gMign  ptlw  giIEm  cg-gne. 


7/19/71 


DESIGN  ENGINEERING  STANDARDS 

$70  PIPING 


570.7 

Page  3 of  32 


pnam  coHEKBsaoR  system  apci  oieratbd 

IVA2  (Cont'd) 

I 

k.  Where  the  oxygen  source  is  liquid  or  a possibility  of  liquid 
carryover  exists,  the  design  of  the  suction  piping  shall  provide 
a trap  to  prevent  liquid  carryover  into  the  compressor  or  to 
carbon  steel  suction  piping.  Design  requirements  for  product 
oxygen  piping  from  distillation  columns  require  a vertical  loop 
high  enough  to  prevent  liquid  carryover  to  the  heat  exchanger; 
therefore  the  oxygen  compressor  is  protected  from  this  source 
without  any  other  equipment. 

l.  A single  strainer  shall  be  provided  in  the  compressor  suction 
line  immediately’  adjacent  to  the  case.  Strainer  shall  conform 
to  figure  3.  It  shall  be  sized  to  fit  piping  designed  for 
economical  pressure  drop  to  the  compressor,  ibis  design  should 
normally  result  in  pipe  velocities  below  150  ft. /sec.  at  design 
flow. 

A spool  piece  shall  be  provided  in  the  suction  piping  to  bouse 
the  strainer.  Spool  piece  shall  be  flanged  on  each  end  and 
shall  be  approximately  2 inches  longer  than  the  strainer. 

Preservation  of  strainer  screen  integrity  during  installation 
is  critical.  Therefore,  it  is  intended  that  the  strainer  will 
be  positioned  in  and  bolted  to  the  spool  flange  with  the  spool 
in  a vertical  position,  prior  to  installing  spool  in  the  suction 
piping. 

m.  Compressor  piping  shall  include  taps  to  permit  the  measurement 
of  pressure  drop  across  the  suction  strainer. 

n.  A 1-inch  I.P.S.  bypass  line  with  a globe  shutoff  valve  shall  be 
provided  around  the  suction  throttle  valve.  This  bypass  is 
required  for  purging  the  compressor  with  ojygen  and  for  starting 
the  compressor  on  an  oxygen-nitrogen  mixture. 

o.  Where  compressor  bypass  lines  are  provided,  the  bypass  shall 
originate  downstream  of  the  cooler. 

p.  A check  valve  shall  be  installed  in  a section  of  the  discharge 
piping  located  remote  from  the  oxygen  compressor  to  prevent 
backflow  of  oxygen  in  the  event  of  compressor  failure.  The 
check  valve  shall  be  located  outside  the  personnel  protective 
shield  in  accordance  with  Design  Engineering  Standard  $46.1. 

The  check  valve  shall  be  selected  for  a minimum  pressure  drop. 

q.  Nitrogen  Purge  Piping 

Adequately  sized  nitrogen  piping  (normally  2 inch)  shall  be 
permanently  Installed  from  a dry,  oil- free  nitrogen  source  to 
the  compressor  suction  for  start-up,  run-in  and  shutdown  of 
the  compressor.  This  piping  shall  contain  double  block  and 
vent  valves  to  prevent  contamination  of  either  the  oxygen  or 
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nitrogen  circuits.  One  of  the  double  block  valves  shall  be 
located  close  to  the  front  of  the  oxygen  compressor  control  panel 
to  permit  control  of  nitrogen  flow  while  observing  compressor 
pressures . Block  valves  shall  be  2-inch  ball  type. 

Additionally,  double,  in-line,  tight-sealing,  2 inch  check 
valves  shall  be  provided  between  the  block  valves  for  all 
critical  nitrogen  supply  situations.  A single  check  valve  is 
acceptable  for  noncritical  nitrogen  supply. 

A £-inch  check  valve  shall  be  provided  on  the  outlet  of  the 
vent  valve  to  prevent  entrance  of  dirt,  bugs  and  other  foreign 
items.  The  check  valve  outlet  shall  contain  a return  bend  or 
elbow  as  required  to  point  downward  to  prevent  entrance  of  rain. 
Vent  piping  material  shall  be  copper,  bronze,  or  stainless  steel. 

Two,  2-inch,  ball  type  vent  valves  shall  be  provided,  one  before 
the  upstream  block  valve  and  one  after  the  downstream  block 
valve,  for  use  in  performing  an  oxygen  compressor  test  on  a 
carbon  dioxide  and  nitrogen  mixture.  These  valves  outlets 
shall  be  plugged  when  not  in  use. 

All  piping  between  the  double  block  valves  shall  be  of  stain- 
less steel,  copper,  or  brass. 

r.  Lubrication  systems  shall  be  designed  with  local  pressure  gauges, 
thus  requiring  no  tubing  runs  to  the  oxygen  compressor  control 
panel. 

8.  When  the  following  compressor  vents  are  incorporated  in  a manu- 
facturer's design,  they  shall  be  piped  outside  the  personnel 
shield  to  permit  daily  checks  by  operators.  Piping  shall 
contain  no  liquid  traps  and  shall  pitch  downward  at  least  £-inch 
per  3 feet  throughout  its  length.  Valves  shall  not  be  installed 
in  these  lines. 

(1)  Dry  sump  drains. 

(2)  Split  line  groove  ports  located  just  below  horizontal  split 
line.  These  vents  shall  be  piped  distant  from  the  oil 
vapor  vents  indicated  by  "t"  below,  since  the  case  vent 
gas  could  become  high  in  oxygen  content  and  oil  contamina- 
tion of  these  vents  is  undesirable. 

t.  Upper  vertical  breather  ports  from  compressor  dry  sumps  and 
couplings  shall  be  piped  outside  the  barrier  to  a collection 
bucket.  Each  breather  shall  be  piped  separately. 
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u.  Temperature  reduction  by  adiabatic  expansion  from  source 
pressure  to  use  pressure  shall  be  considered  when  selecting 
piping  material  for  auxiliary  equipment  such  as  air  motors, 
seal  gas,  etc. 

v.  Seal  Gas  System 

Seal  gas  shall  be  air  from  the  main  air  compressor  which  has 
been  dried  and  wanned  to  ambient  temperature  by  passage  through 
heat  exchangers.  Since  this  stream  is  also  used  for  instrument 
air  and  is  normally  connected  to  the  air  drier  outlet  stream, 
the  seal  gas  stream  shall  be  separated  from  the  drier  outlet 
piping  by  a check  valve  to  minimize  the  possibility  of  drier 
desiccant  migration  to  the  seal  gas  system. 

A backup  seal  gas  system  shall  be  provided  utilizing  nitrogen 
gas  from  the  storage  tank  or  bottles  to  provide  adequate  seal 
gas  flow  and  pressure  during  oxygen  compressor  coast-down, 
should  the  main  seal  gas  source  fall. 

A single  filter  shall  be  provided  in  the  seal  gas  piping  on  the 
inlet  side  of  each  pressure  reducing  valve  PCV-51  and  PCV-53- 
Filter  medium  shall  be  stainless  steel  or  bronze  and  shall  pass 
particles  no  larger  than  50  microns.  Piping  from  the  filters 
to  the  compressor  assembly  connection  shall  be  schedule  to 
brass  with  screwed  ends.  Brass  or  bronze  screwed  fittings  shall 
be  utilized.  Control,  check  and  hand  valves  shall  have  bronze 
bodies  and  bronze  or  stainless  trim.  Inlet  piping  to  filters 
shall  conform  to  Design  Engineering  Standard  530. 3.1. 

Note:  These  filters  are  required  to  remove  any  particles 

remaining  after  initial  blowout  of  piping.  They  are 
required  in  addition  to  the  desiccant  filter  to  be 
provided  immediately  following  the  instrument  air  drier. 


w.  Cooling  Water  Systems 

(l)  Open  System  (cooling  tower  or  pond) 

(a)  This  system  shall  apply  to  the  following  equipment. 

1 Intercoolers  and  aftercoolers. 

2 Oil  cooler. 

2 Motor  cooler, 
k Closed  system  water  cooler. 
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(b)  Equipment  and  Piping 

1 A ball  type  band  valve  (3/4  inch  I.P.S.)  shall  be 
~ Installed  at  each  end  of  the  shell  circuit  at  the 

low  point.  These  two  valves  are  to  be  used  for 
shell  side  blowdown  and  water  drainage. 

Rote:  Valves  shall,  be  purchased  by  AFCI  for  field 
installation. 

2 A globe  type  flow  control  valve  shall  be  located 
in  the  outlet  line  of  each  cooler  upstream  of  the 
header  piping.  These  valves  will  normally  be 
located  within  the  personnel  shield. 

£ Water  flow  sight  glasses  are  not  required  for  inter- 
coolers  and  aftercoolers. 

4 Air  vent  valves  (£  inch)  shall  be  installed  at  all 
~ high  points  in  compressors  and  associated  water- 
cooled  equipment  where  air  can  be  trapped. 

£ In  freezing  climates,  water  header  piping  to  and 
Item  coolers  shall  be  waived  to  permit  continuous 
water  circulation  during  cooler  maintenance. 
Therefore,  a bypass  valve  (3/4  inch)  shall  be  teed 
off  the  cooling  tower  side  of  each  header  shutoff 
valve  at  grade  level.  Each  bypass  valve  shall  be 
located  within  6 inches  of  the  corresponding  shut- 
off valve.  In  case  maintenance  is  required,  a 
rubber  hose  will  be  temporarily  connected  between 
these  two  bypass  valves.  Additionally,  a drain 
valve  (§  inch)  shall  be  located  in  the  low  point 
of  each  header  to  and  from  the  coolers  to  permit 
drainage  of  all  stagnant  lines  caused  by  shut-off 
valve  closure. 

1 

I 

(2)  Closed  System 

(a)  This  system  shall  apply  to  diaphragm  cooled  centrif- 
ugal compressors. 

(b)  Equipment  and  Piping 

1 Water  flow  “ight  glasses  are  not  required  on  the 
~ diaphragm  chamber  water  outlet  or  inlet.  Gas 
leakage  to  the  water  circuit  shall,  be  detected  by 
monitoring  standpipe  gas.  Location  of  leaks  within 
the  compressor  is  normally  determined  from  water 
dye  marks. 
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2 Water  piping  shall  return  from  the  oxygen  compressor 
to  an  open  standpipe  to  permit  escape  of  oxygen  gas 
In  case  of  leakage  within  compressor.  Standpipe 
design  shall  provide  for  the  following: 

a Separation  of  oxygen  bubbles  by  flow  from  inlet 
~ to  outlet  basins  divided  by  a weir. 

b Tranquil  basin  for  water  pump  suction. 

c Continuous  water  Change  to  prevent  freezing. 

d Makeup  water  connection. 

e Port  for  addition  of  chemicals. 

f Water  level  sight  glass. 

In  freezing  climates,  steam  piping  shall  be 
permanently  connected  through  a valve  to  each  leg 
of  the  water  inlet  manifold  for  use  in  preventing 
ice  formation  in  diaphragm  chambers  during  winter 
shutdown  periods. 

k Low  point  drains  shall  be  provided  to  drain  each 
~ diaphragm.  These  drains  will  be  utilized  to  pro- 
mote steam  circulation  during  winter  shutdown 
periods. 

Note:  Diaphragm  compartments  above  the  case  split 

line  cannot  be  drained  by  gravity  nor  can 
they  be  blown  dry  easily.  Therefore,  steam 
is  essential  to  prevent  freezing  in  these 
compartments . 


x.  Cleanliness  of  Oxygen  Equipment  and  Piping 

All  oxygen  equipment,  oxygen  piping  and  nitrogen  purge  piping 
for  oxygen  equipment  shall  be  cleaned  to  achieve  the  class  AA 
level  defined  by  QCL  101  F.  Purchase  specifications  and 
construction  specifications  shall  include  this  requirement  as 
well  as  suitable  requirements  for  maintaining  cleanliness,  until 
equipment  or  piping  is  ready  for  operation,  l.e.  gasketed  blind 
flanges,  dry  gas  fill,  dry  gas  purge,  etc. 

3.  Instrumentation 

The  following  Instrumentation  shall  be  provided  for  the  oxygen 
compressing  system.  See  table  1 for  control  valve  action  during 
normal  or  emergency  shutdown  and  during  air  or  electrical  failure . 
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a.  Refer  to  standard  578.60.1  for  pressure  control,  vent,  recycle, 
and  relief  valve  materials. 

b.  Pressure  controlling  vent  valve  (PIC-2I-V2)  shall  be  provided 
on  all  plants  upstream  of  the  compressor  suction  throttle  valve 
to  vent  excess  oxygen  product  and  maintain  compressor  suction 
pressure  at  the  desired  value.  The  valve  and  vent  piping  shall 
be  sized  to  pass  fail  product  flow  at  3 pslg  or  greater  depend- 
ing on  expected  line  pressure  at  fall  oxygen  flow.  Where  fine 
control  is  necessary  as  for  a pressure  control  system  without 
product  backup,  a smaller  trim  valve  (FXC-21-Vx)  may  also  be 
provided.  In  this  situation,  the  trim  valve  shall  be  equipped 
with  a limit  switch  and  alarm  (FAL-18)  to  warn  the  operator 

of  a low  vent  rate. 

c.  A low  pressure  switch  (PSL-80)  and  alarm  (PAL-80)  shall  be  pro- 
vided upstream  of  the  compressor  suction  throttle  valve  to 
alert  the  operator  in  case  of  abnormally  low  suction  pressure 
and  to  recycle  the  compressor  if  the  decline  continues  to  sub- 
atmospheric  level.  The  low  pressure  switch  shall  be  located 
remote  from  the  compressor  suction  piping  to  prevent  actuation 
by  mechanical  vibration  caused  by  switch  valve  operation.  The 
connection  from  switch  to  suction  piping  shall  be  by  flexible 
tubing. 

d.  A low  temperature  switch  and  alarm  shall  be  provided  on  the  suc- 
tion piping  of  any  compressor  taking  suction  from  a possible 
cold  source.  Setting  shall  be  based  on  area  climate  but  in  no 
case  shall  it  be  set  below  -5°F. 

e.  When  the  suction  piping  downstream  of  the  throttle  valve  or 
the  compressor  suction  side  has  a maximum  allowable  working 
pressure  (MAWP)  less  than  the  compressor  discharge  pressure,  a 
relief  device  shall  be  provided  between  the  suction  throttle 
valve  and  the  compressor  to  protect  the  weakest  component 
(usually  the  bellows)  from  overpressure.  The  overpressure  can 
occur  from  pressure  surges  during  recycle  or  during  compressor 
shutdown  if  the  discharge  check  valve  hangs  open  while  the 
discharge  block  valve  is  open  (by  operator  error  or  emergency 
shutdown) . 

When  a relief  device  is  required  and  the  MAWP  of  the  suction 
piping  and  the  compressor  case  is  55  pslg  or  more  above  the 
maximum  suction  pressure,  the  relief  device  shall  be  a rupture 
disc  (SD3^).  The  disc  shall  have  a burst  pressure  at  72°F 
equal  to  the  MAWP  of  the  weakest  suction  side  component.  It 
shall  be  sized  for  a flow  at  this  pressure  equal  to  the  sonic 
flow  through  the  discharge  check  valve  in  a 5$  open  condition 
or  to  relieve  1*0#  of  the  maximum  flow  through  the  recycle 
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valve,  whichever  is  greater. 

When  a relief  device  is  required  and  the  suction  piping  or  the 
compressor  case  MAWP  is  below  the  minimum  values  specified 
above  for  a rupture  disc,  a safely  valve  shall  be  utilized 
in  place  of  the  rupture  disc.  Set  pressure  shall  equal  t'*e 
MAWP  of  the  weakest  suction  side  component.  The  flow  rate 
shall  be  equal  to  the  sonic  flow  through  the  discharge  check 
valve  in  a 5$  open  condition  or  to  relieve  1*0 $ of  the  maximum 
flow  through  the  recycle  valve,  whichever  is  greater. 

f . The  suction  throttle  valve  (FIC-22-V)  shall  be  a tight  shut-off 
butterfly  type  utilizing  a Teflon,  Kel-F  or  Viton-A  seat.  The 
valve  shall  be  capable  of  closing  in  less  than  3 seconds  from  the 
full  open  position. 

g.  Temperature  Indicators /Controls 

(1)  All  thermocouples , thermometers  and  temperature  bulbs 
located  in  pressurized  piping,  except  as  required  by 
paragraph  (2)  below,  shall  have  separate  wells  consistent 
with  the  particular  piping  specifications. 

Wells  shall  be  immersed  l/3  to  1/2  of  pipe  diameter  up  to 
a maximum  well  length  of  6 Inches.  Additionally,  the  wells 
for  bimetallic  thermometers  shall  have  a minimum  immersion 
length  of  4 inches  for  gas  streams  and  2 inches  for  liquid 
streams.  Wells  shall  conform  to  standard  532.3. 

In  addition  to  the  special  case  for  paragraph  (2)  below, 
temperature  indicators  may  also  be  Installed  without  wells 
in  piping  operating  at  atmospheric  pressure,  provided  they 
can  be  removed  and  replaced  without  interrupting  plant 
operation. 

(2)  A high  temperature  indicator-switch  and  alarm  shall  be 
provided  on  each  stage  discharge  upstream  of  the  cooler. 
Maximum  permissible  setting  shall  be: 

Alarm:  3to°F 

Compressor  Shutdown:  350°F 

Each  producing  facility  shall  establish  a lower  setting 
when  experience  with  operating  temperatures  indicate  this 
is  possible.  Settings  shall  be: 

Alarm:  10°F  above  maximum  normal  summertime  * 

operating  temperature. 

Shutdown:  20°F  above  maximum  normal  summertime 
operating  temperature . 
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Bach  temperature  point  shall  utilize  a dual  sensing 
thermocouple  as  indicated  below  with  one  set  of  leads 
connected  to  a manual  selector  switch  and  potentiometer 
indicator  mounted  in  or  adjacent  to  the  oxygen  compressor 
instrument  panel.  The  other  set  of  leads  shall  be 
connected  to  an  alarm  and  compressor  shutdown  circuit 
through  a thermocouple  switch  as  indicated  below.  The 
thermocouple  probe  shall  be  installed  without  a well.  The 
probe  shall  extend  into  the  fluid  stream  1/2  inch 
♦ l/8  inch)  pest  the  pipe  inner  wall  or  past  the  inner  end 
of  a pipe  half  coupling,  if  used. 


Dual  Sensing  Thermocouple 
1.  Probe  outside  diameter: 


2.  Sheath  material: 


3.  Calibration: 


4.  Insertion  Length  *U' : 
3.  Part  Ho. : 


(b)  Thermocouple  Switch 

1.  Ho.  switches: 

2.  Tiype: 

3.  Range: 

4.  Calibrated  Adjustment 

dial: 

5.  Relay: 


6.  Model: 


1/h  inch 

30b  stainless 
steel 

Copper  - 
Constantan 

1 1/2  inch* 

Thermo-Electric 
Ho.  11484  with 
dual  element,  or 
equal 


o-4oo°f 


Required 

Hormal  energize 
High  temperature 
trip  - de-energize 

Rochester 
Instrument  Ho. 
ET-205,  or  equal 


*Max.  acceptable  length  for  line  velocity  to  200  ft/sec.  and  pressure  to 
1900  psig. 
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(3)  A temperature  indicator  sbaU  be  provided  in  the  process 
stream  at  each  intercooler  outlet,  aftercooler  outlet, 
and  oil  return  piping*  from  each  bearing  or  at  each 
bearing.  Senperature  points  inside  the  personnel  protective 
shield,  excepting  eater  temperatures,  shall  utilize  copper- 
cons  tantan  type  thermocouples  connected  to  a w>mmi 
selector  switch  and  potentiometer  indicator  mounted  in 
or  adjacent  to  the  oxygen  compressor  instrument  panel. 

See  paragraph  A3t  (1)  (a),  pg.  16,  for  water  temperature 
indicators. 

(A)  A high  ail  temperature  indicator-switch  (QSB-Al),  bulb 

type,  shall  be  installed  in  the  oil  return  header*  from  the 
bearings  to  the  oil  amp.  The  switch  shall,  be  connected 
to  the  alarm  on  the  otxygan  compressor  instrument  panel. 

The  intent  of  this  requirement  is  to  warn  the  operator  of 
excessive  oil  temperature  due  primarily  to  insufficient 
water  flow. 

(5)  the  motor  winding  temperature  indicator  (TX-3)  shall  be 
located  on  the  main  instrument  panel.  A switch  shall 
automatically  shut  down  the  compressor  on  excessive 
temperature. 

(6)  The  motor  cooling  air  temperature  switch  (TSB-72)  shall 
actuate  an  alarm  located,  on  the  oxygen  compressor  panel 
in  case  of  excessive  temperature. 

h.  An  antisurge  control  system  shall  be  provided  to  continuously 
monitor  and  automatically  control  the  compressor  under  any 
given  pressure  and  flow  conditions  at  a point  5£  (used  for 
control  tolerance)  greater  than  the  actual  machine  surge  curve. 

Antisurge  control  shall  in  all  cases  be  effected  by  bypass  to 
suction  between  the  suction  throttle  valve  and  the  compressor, 
bypass  valve  shall  be  sized  to  handle  120  percent  of  rated 
compressor  flow  at  design  discharge  pressure  after  allowing  for 
pressure  drop  in  the  piping  to  the  valve.  The  bypass  valve 
(JRC-1D-V)  shall  be  capable  of  opening  fully  in  less  than  2 
seconds  from  the  closed  position. 


♦Temperature  indicators  assembled  in  oil  pipir  shall  be  located  in  a hori- 
zontal run  and  in  a position  to  be  at  least  percent  submerged  consider- 
ing the  piping  to  run  half  full.  Due  to  the  ±.cm  fluid  velocity,  the 
indicator  length  may  exceed  the  normal  6-inch  limit  if  necessary  to 
achieve  the  required  submersion. 
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"Surge"  shall  be  controlled  by  using  a "Mass  Plow"  and 
"Discharge  Pressure"  system.  Mass  flow  shall  be  monitored  on 
the  compressor  discharge,  using  a "Lew  Loss  Flow  Tube”  (IBC-10-8) 
(see  note),  B.I.F.  DFHf-3  or  equal  with  316  S.S.  body  and  throat 
and  a Began  mass  flowmeter  RB-3002-H80-FC-BC-HT  or  equal.  The 
discharge  pressure  signal  shall  be  measured  and  transmitted  by 
a "Bristol"  or  equal  pressure  transmitter.  The  surge  pressure 
and  How  transmitters  shall  be  used  for  compressor  bypass  valve 
control.  The  flow  transmitter  only  shall  be  used  for  suction 
valve  control  on  mass  flow  systems.  Suction  valve  control  may 
be  operated  from  suction  or  discharge  pressure  for  pressure 
control  system.  The  transmitters  may  also  be  used  fbr  main 
control  room  monitoring. 


Surge  control  components  shall  be: 


Pressure  Computer 
Antisurge  Controller 
HeedLe  Valve 
Valnae  Chamber 
Antisurge  Controller 
Auto-Manual  Station 

Pressure  Qauges 


HAGAH  HO. 
174600-1030808 

174600-1030808 

12820-L 

474549-002 

450603-l-L,  0-30  psi 
inverse 

(4)  - 0-60  psi,  2 in. 
dial 

(1)  - 0-30  psi,  2 in. 
dial 


Bote:  Since  the  flow  tube  is  also  utilized  in  determining  com- 

pressor performance  data,  it  shall  be  water  calibrated 
to  establish  actual  coefficients  of  discharge  and  shall 
be  installed  in  accordance  with  Design  Engineering 
Standard  533*1  utilizing  straightening  vanes  (FX-35) 
conforming  to  AGA  Gas  Measurement  Committee  Report 
Bumber  3*1969.  Mater  calibration  is  not  required  if  the 
oxygen  compressor  is  an  exact  duplicate  of  proven 
capacity. 


i.  An  Inventory  dump  valve  (BCV-19-V)  is  required  downstream  of 
the  aftercooler  and  upstream  of  the  product  line  check  valve. 

It  «hali  be  a ball  type  sized  to  dump  compressor  system 
inventory  to  a pressure  below  15  psig  in  10  seconds.  The  valve 
shall  fully  open  in  less  than  2 seconds  from  the  closed  position. 
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Two  vast  valves  shall  be  provided  adjacent  to  the  manual  block 
valve  in  the  oxygen  product  line. 

(1)  The  upstream  vent  valve  shall  be  a l/2  inch,  bronze,  globe 
type  for  venting  nitrogen  prior  to  compressor  startup. 
Control  shall  be  manual. 

(2)  The  downstream  vent  valve  shall  be  l/2  inch  to  2 inch  as 
required  for  rapid  system  purge  (5  minutes)  when  starting 
or  stopping  flow  to  the  customer.  It  shall  be  a bronze, 
globe  type.  Control  is  dependent  on  operating  pressure 
level. 

(a)  Below  600  psig  - Use  manual  valve. 

(b)  Above  600  psig  - Use  hand  indicator  control  valve 
(HEC-15-V)  with  control  from  oxygen  compressor 
instrument  panel. 

k.  If  an  automatic  pressure  control  vent  system  is  required  to 
maintain  pressure  in  the  product  delivery  line,  it  shall  consist 
of  a pressure  control  valve  (PIC-60-V)  with  the  controller 
mounted  on  the  main  instrument  panel,  and  a vent  silencer  in 
accordance  with  standard  558.5-2. 

l.  Paymeters  shall  consist  of  a flow  element  (ER-21-E ) and  an 
indicator  recorder  (PR-21-R) . Installation  shall  be  in 
accordance  with  Design  Engineering  Standard  533-1  utilizing 
straightening  vanes  (FX-36)  conforming  to  AGA  Gas  Measurement 
Committee  Report  Humber  3-I969. 

m.  An  automatic  product  line  shutoff  valve  (ECV-Vf-V)  is  required 
to  stop  flow  in  case  of  line  rupture.  The  valve  shall  he 
actuated  by  a switch  (FR-21-SH)  set  at  desired  maximum  flow 
rate  (approximately  200$  of  normal  compressor  flow)  through  an 
element  (FR-21-E) . An  alarm  (FAL-26)  shall  sound  on  the  main 
instrument  panel  when  ECV-Vf-V  closes . 

n.  Equipment  shall  be  provided  as  follow  for  monitoring  radial 
vibration,  axial  vibration,  and  axial  position  of  each  compressor 
rotor  shaft  and  of  the  high-speed  pinion.  This  equipment  shall 
be  connected  to  the  oxygen  compressor  instrument  panel  alarm 
(VAH-21) . A switch  (V8H-21)  shall  shut  down  the  oxygen 
compressor  in  case  of  excessive  vibration  at  any  point  normally 
connected  for  continuous  monitoring. 
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Coaxial 


Location  ] 

Probe  No. 

Proximeter 

Cable 

Reading 

Compressor  Outboard  End 

1 

Req’d 

Req'd 

Axial  Posi 
tion 
Axial 
Vibration 

2 

Req'd 

Req'd 

Vertical 

Vibration 

3 

None 

Req'd 

Horizontal 

Vibration 

Compressor  Inboard  End 

k 

Req'd 

Req'd 

Vertical 

Vibration 

Compressor  Inboard  End 

5 

None 

Req'd 

Horizontal 

Vibration 

High-Speed  Pinion 

6* 

♦Req'd 

♦Req'd 

Vertical 

Vibration 

7* 

♦Req'd 

♦Req'd 

Axial 

Position 

Axial 
Vibration 

Each  probe  shall  be  wired  with  electrically  compatible  coaxial 
cable  to  extend  into  the  proximeter  box,  which  shall  be  located 
outside  the  personnel  protective  shield.  Only  those  probes 
listed  with  proximeters  will  normally  be  connected  for 
continuous  monitoring.  Monitors  shall  be  located  in  the  oxygen 
compressor  instrument  panel  on  all  future  plants.  Monitors  may 
be  located  adjacent  to  the  instrument  panel  on  current  plants. 

Instrumentation  for  each  additional  compressor  in  a train  shall 
duplicate  the  above. 

Continuously  monitored  vibration  points  shall  be  set  for  alarm 
and  shutdown  at  initial  startup  and  after  every  major  overhaul 
as  follows: 

Maximum  normal  vibration**  + 0.5  mil:  Alarm 

Maximum  normal  vibration  + 1.5  mil:  Automatic  shutdown. 

Note:  Manual  shutdown  is  required  at  1.0  mil  above 

maximum  normal  vibration. 

The  vibration  shutdown  switch  shall  be  provided  with  a time 
delay  relay  to  bypass  this  circuit  until  the  compressor  is  up 
to  operating  speed. 

♦If  gear  arrangement  permits. 

♦♦As  experienced  while  operating  with  oxygen  at  normal  line  pressures. 


A 
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All  vibration  instrumentation  shall  be  Bently-Nevada . Although 
various  applications  may  require  different  components,  the 
following  "standard"  equipment  shall  he  utilized  where  practical. 

Probe:  #306-L-30 

Proximo ter:  #3120 

Extension  Cable:  15  feet 

Monitor,  Radial:  #1BV  (Scale  • 0-5  mils) 

Monitor,  Axial : #LCAVAP  (Movement  Scale  = 25-0-25 

mils) 

(Vibration  Scale  = 0-5  mils) 

Power  Unit:  #Sl8R 

Wiring  from  the  probe  to  the  monitor  shall  be  contained  in 
electrical  conduit  in  general  accordance  with  the  following : 

(1)  The  probe  and  its  pigtail  shall  be  installed  by  the  compres- 
sor manufacturer  in  accordance  with  standard  551*3.1  to 
provide  an  oil  tight  mechanical  seal  between  the  compressor 
case  and  an  electrical  connection  box. 

(2)  An  extension  cable  shall  be  run  in  Sealtite  from  the  con- 
nection box  on  the  compressor  case  to  the  proximeter  box. 

(3)  Wiring  from  the  proximeter  box  to  the  monitor  shall  be  in 
hard  conduit. 

o.  Water-cooled  motors  shall  be  protected  against  internal  water 
leakage  from  overhead  coolers  by  a liquid-level  switch  (ISH-23) 
connected  to  an  alarm  on  the  oxygen  compressor  panel  or  by  a 
bottom  drain  continuously  open  to  atmosphere. 

p.  A permissive  start  switch,  auxiliary  pump  start  switch,  and  low 
oil  pressure  switches  shall  be  connected  to  the  oil  feed  line 
between  the  oil  filters  and  the  compressor.  Settings  shall  be 
at  progressively  decreasing  pressures  in  the  order  indicated 
below. 

(1)  Permissive  start  at  normal  minimum  operating  pressure. 

(2)  Alarm. 

(3)  Auxiliary  pump  start. 
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(4)  Compressor  shutdown  at  minimum  pressure  recommended  by 
the  compressor  manufacturer. 

The  alarm  shall  be  located  on  the  oxygen  compressor  panel. 

q.  All  process  and  seal  gas  tubing  from  the  compressor  to  the  com- 
pressor assembly  bulkheads  shall  be  stainless  steel.  Tubing 
from  the  bulkhead  to  the  instrument  panel  shall  be  stainless 
steel  (or  copper  If  mechanically  protected).  Tubing  within 
the  panel  shall  be  copper. 

r.  Instrument  piping  shall  be  remote  from  oil  piping  and  located 
to  prevent  contamination  In  case  of  an  oil  leak. 

s.  Too  emergency  stop  switches  shall  be  provided  for  the  oxygen 
compressor. 

(1)  A large  red  button  on  the  oxygen  compressor  Instrument 
panel. 

(2)  A knife  switch  In  the  main  control  room. 

Note:  These  switches  shall  be  prominently  labeled  and 

readily  accessible  to  operating  personnel.  There- 
fore, they  shall  be  located  within  6 feet  of  the 
operating  platform  or  floor  below  the  switch. 

They  shall  also  be  located  to  prevent  unintentional 
actuation,  therefore  other  doors  shall  not  open 
within  6 inches  of  these  switches. 

t.  Cooling  Water  Instruments 
(1)  Open  System 

(a)  A temperature  indicator  shall  be  provided  in  the  water 
outlet  stream  from  each  Intercooler,  aftercooler,  oil 
cooler,  motor  cooler,  closed  system  water  cooler,  and 
circulating  pump. 

Intercooler  and  aftercooler  temperature  points  will 
normally  be  located  inside  the  personnel  protective 
shield.  These  temperatures  may  be  Indicated  by  local 
thermometers  or  by  copper-cons tan tan  thermocouples, 
with  a readout  at  the  oxygen  compressor  instrument 
panel,  as  economic  considerations  dictate. 

Remaining  temperature  points  shall  utilize  local 
thermometers  located  outside  the  shield. 
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(b)  A locally  mounted  pressure  gauge  shall  be  provided 
to  Indicate  water  pressure  la  the  outlet  header  from 
the  circulating  water  pumps. 

(c)  A pressure  switch  shall  be  connected  to  actuate  an 
alarm  located  on  the  main  instrument  panel,  in  case 
of  abnormally  low  water  pressure  in  the  water  pump 
outlet  header. 

(d)  Red  running  lights  shall  be  provided  for  the  following 
equipment: 

1 Cooling  tower  fans 

a Lights  to  be  located  on  the  control  station  at 
— base  of  the  tower. 

b Lights  to  be  located  on  the  main  instrument 
~ control  panel. 

Rote:  A separate  light  shall  be  used  to 
indicate  operation  at  each  speed. 

2 Water  pumps 

Operation  of  each  pump  shall  be  indicated  by  a 
separate  light  on  the  main  instrument  panel. 

(e)  Start-stop  switches  for  fans  and  pumps  shall  be  located 
as  follows: 

1 Fans 

In  control  station  at  the  base  of  the  tower. 


2 Pumps 

a In  control  station  at  the  base  of  the  tower, 
b On  the  main  control  panel. 

(f)  Loss  of  cooling  tower  fan  operation  shall  be  indicated 
by  an  alarm  located  on  main  control  panel. 


W fcmirn/i 
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(2)  Closed  System 

(a)  A temperature  indicator  shall  be  provided  in  the  water 
outlet  headers  from  diaphragm  cooled  compressors  and 
from  the  water  cooler.  Temperature  points  will 
normally  be  outside  the  personnel  shield  and  shall  be 
locally  mounted  thermometers. 

(b)  A locally  mounted  pressure  gauge  shall,  be  provided  to 
Indicate  water  pressure  in  the  outlet  header  from  the 
water  pumps. 

(c)  Pressure  switches  shall  be  connected  to  the  outlet 
header  from  the  water  pump  to  perform  the  following 
functions  at  progressively  decreasing  pressures  in 
the  order  indicated  below: 

1 Actuate  the  alarm  on  the  main  instrument  panel. 

2 Start  the  standby  water  pump,  when  provided. 

3 Shutdown  the  oxygen  compressor  after  a preset  time 
~ delay. 

4 Parallel  compressor  arrangements,  utilizing  a 

~ common  closed  cooling  system,  shell  also  include 
a flow  control  switch  in  the  piping  to  each  com- 
pressor. The  switch  shall  be  connected  to  permit 
starting  of  an  oxygen  compressor  motor  only  after 
flow  is  established  to  fiat  compressor  and  shall 
shut  down  the  compressor  on  loss  of  flow  after  a 
preset  time  delay. 

(d)  Bed  running  lights  shall  be  provided  to  indicate 
operation  of  each  water  pump  utilized.  The  lights 
shall  be  located  on  one  oxygen  compressor  instrument 
panel. 

(e)  A start-stop  switch  for  the  water  pump  shall  be 
located  on  the  oxygen  compressor  instrument  panel  near 
the  water  pump  running  lights. 

u.  Seal  Gas  Instruments 

Instrumentation  for  seal  gas  systems  will  vary  for  different 
compressors  and  facility  capabilities.  The  following  require- 
ments axe  general  and  must  be  adjusted  in  detail  to  suit  each 
situation: 
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(1)  Pressure  gauges  shall  he  provided  to  Indicate  seal  gas 
pressure  at  each  shaft  seal  port.  Gauges  shall  he  mounted 
on  oxygen  compressor  panel. 

(2)  Pressure  switches  shall  he  provided  to  alarm  and  shut  down 
the  compressor  when  manufacturer's  limits  are  exceeded 
for  the  following  conditions. 

(a)  Shaft  .teals  (refer  to  figure  1 for  port  locations) 

1 Pressure  at  injection  port  too  low  (port  C). 

2 Pressure  at  hearing  end  is  too  low  (port  E). 

3 Pressure  at  impeller  end  Is  too  high  (port  B) . 

U Differential  pressure  between  ports  B and  C is  too 
low. 

(b)  Seal  gas  backup  system  pressure  is  too  low  (alarm  only) 

(3)  Pressure  reducing  valves  shall  be  provided  as  necessary  In 
the  main  seal  gas  piping  and  In  the  backup  system  piping 

to  achieve  seal  gas  pressures  recommended  by  the  compressor 
manufacturer. 

(fc)  Locally  mounted  gauges  shall  be  provided  to  Indicate  seal 
gas  pressure  after  each  pressure  control  valve  required 
by  paragraph  (3),  above.  These  gauges  shall  be  located 
adjacent  to  the  valves. 

(5)  A pressure  gauge  shall  be  mounted  on  the  oxygen  compressor 
panel  to  Indicate  seal  gas  pressure  after  the  filter  and 
before  the  pressure  reducing  valve  on  the  main  seal  gas 
line  to  the  compressor. 

v.  Rotor  Shift  Instruments 

Inr.cruiventation  for  rotor  shift  systems  will  vary  for  different 

compressors.  The  following  requirements  apply  to  compressors 

normally  utilized  and  must  be  adjusted  to  suit  particular 

equipment: 

(1)  Pressure  switches  shall  be  provided  to  alarm  and  shut 
down  the  compressor  when  rotor  shift  system  pressure 
exceeds  manufacturer's  recommendations. 

(2)  A locally  mounted  pressure  gauge  shall  be  provided  to  I 

indicate  pressure  at  the  switches. 
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(3)  A pressure  control  valve  shall  be  provided  to  obtain  the 
manufacturer's  recommended  pressure  to  the  rotor  shift 
mechanism. 

v.  Instruments  exposed  to  oxygen  shall  meet  the  cleanliness  level 
established  by  QCL-116F. 

4.  Location 

a.  The  oxygen  compressor  shall  be  located  to  minimize  exposure  to 
operating  personnel  and  to  associated  equipment.  See  Design 
Engineering  Standards  570.6  and  546.1  for  location  of  the  oxygen 
compressor  in  plant  layout  and  for  location  of  personnel  shields, 
instrument  panel,  valves,  etc.  respectively. 

b.  Except  where  specifically  exempted  herein,  all  instruments  and 
controls  for  the  oxygen  compressor  shall  be  located  outside  the 
personnel  protective  shield  if  adjustments  or  observations  are 
required  during  oxygen  compression.  Except  where  practical 
limitations  prohibit,  all  indicating  instruments  and  remote 
controls  shall  be  mounted  on  a panel.  The  panel  shall  be  posi- 
tioned on  the  normal  line  of  approach  to  the  compressor  area 

in  accordance  with  the  objectives  of  Design  Engineering  Standard 
546.1. 

c.  Lube  oil  lines,  electrical  lines  and  oxygen  lines  shall  be  run 
along  separate  routes  and  shall  utilize  separate  troughs . Oil 
piping  shall-  be  positioned  to  prevent  oil  from  dripping  on 
oxygen  lines,  oxygen  instrument  runs,  or  electrical  conduit  and 
equipment. 

B.  Reciprocating  Compressors 

Design  criteria  established  for  centrifugal  compressors  shall  apply 
to  reciprocating  compressors,  except  that  seal  gas,  surge  control,  and 
proximity  vibration  systems  do  not  apply  and  the  following  changes  and 
additions  are  required: 

1.  System  Equipment  and  Piping 

a.  Compressor  - See  Design  Engineering  Standards  552.2.1. 


b.  The  2-inch  vent  valves  required  for  carbon  dioxide  and  nitrogen 
mixture  on  centrifugal  compressors  are  not  required  on 
reciprocating  units. 
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e.  Oil  travel  along  piston  rods  and  oil  vapor  in  the  distance 
piece  area  shall  he  prevented  by  the  following  design  require* 
meats: 

(1)  Single  distance  piece  machines  (Sulzer). 

(a)  8ingle  distance  piece  design  is  permitted  only  in  a 
vertical  plane. 

(b)  Distance  piece  side  covers  shall  be  removed. 

(c)  An  oil  llinger  shall  be  sealed  to  piston  rod  within 
each  distance  piece  to  prevent  migration  of  oil  along 
the  rod. 

(d)  Ejector  equipment  shall  be  provided  to  obtain  a slight 
vacuum  (1  to  3 inches  water)  on  crankcase. 

The  standard  ejector  shall  be  a S chut  tie  & Koerting  Co. 
(or  equal'  Model  217,  style  60  nozzle,  all  brass  con- 
struction, 3/8"  MPT  pressure  connection  and  l/2" 
vacuum  connection.  A block  valve  and  a pressure 
regulating  valve  shall  be  provided  on  the  air  inlet 
piping  to  the  ejector.  These  valves  shall  be  located 
outside  the  personnel  shield. 

(2)  Double  distance  piece  machines . 

(a)  Side  covers  shall  be  installed  on  each  cylinder  end 
distance  piece.  Side  covers  shall  be  hinged  at  top 
only  to  prevent  over-pressurization  of  distance  pieces. 

(b)  Cylinder  end  distance  piece  chambers  shall  be  purged 
continuously  with  nitrogen  and  vented  individually 
outside  personnel  barrier  to  permit  periodic  sampling 
for  oxygen. 

(c)  Side  covers  shall  be  removed  from  each  crankcase  end 
distance  piece. 

(d)  Crankcase  end  distance  piece  chambers  shall  be  pro- 
vided with  low  point  drains  piped  outside  personnel 
shield  to  a common  collection  pot.  Manifolding  is 
permitted. 


(e)  An  oil  {linger  shall  be  sealed  to  piston  rod  within 
each  distance  piece  (two  {lingers  per  rod)  to  prevent 
migration  of  ell  along  the  rod. 
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(f)  Ejector  equipment,  in  accordance  with  paragraph  (X) 

(d)  above,  shall  be  provided  to  obtain  a slight 
vacuum  (1  to  3 Inches  water)  on  the  crankcase. 

d.  Black  lights  shall  be  provided  for  inspection  of  the  piston  rods 
on  single  distance  piece  compressors.  The  black  lights  (long 
wave  ultraviolet  lights)  shall  be  permanently  positioned  to 
shine  on  tbs  piston  rods  and  cylinder  end  of  the  distance 
piece  chamber  from  both  sides  of  the  compressor.  Each  black 
light  may  cover  one  or  more  piston  rods,  provided  the  rods  are 
located  within  the  length  of  the  light.  Each  light  shall  be 
located  within  3 feet  of  the  rods  and  at  the  lower  side  of  the 
distance  piece  chamber.  The  light  housing  shall  be  positioned 
to  shield  direct  light  rays  from  personnel  viewing  the  piston 
rods  from  outside  the  personnel  shield.  A separate  switch  shall 
be  provided  to  actuate  the  lights  on  each  side  of  the  compressor 
independently  from  the  other  side.  Switches  shall  be  located 
outside  the  protective  barrier. 

The  black  lights  shall  be  either  fluorescent  type  or  mercury* 
floodlight  type  with  either  a one-lamp  or  two-lamp  fixture, 
procured  to  the  following  specifications  or  equal: 

(1)  Fluorescent 

(a)  Fixture,  inch  long,  vapor  tight,  two-lamp  with 
angle  mounting  brackets,  plastic  cover  and  low 
temperature  ballast,  Thomas  Industries  Benjamin 
Products  catalog  FV-4324-4. 

(b)  Lamps,  fluorescent  black  light,  46  inches  long,  medium 
blpin  base,  4o  watt,  l£  inch  bulb  diameter,  blue  type 
integral  filter,  G.E.  Co.  catalog  F40BLB. 

(2)  Mercury* 

(a)  Fixture,  adjustable  surface  mounted,  90$  power  factor 
ballast,  long  enclosed  bullet,  175  watt,  complete  with 
ultraviolet  lens,  Stonco  catalog  48-UV  and  snap-on 
lens  holder,  Stonco  catalog  4-7.  One-lamp  fixture, 
Stonco  S-68575  MM  or  two-lamp  fixture,  Stonco 
S-68576  MM. 

(b)  Lamp,  175  watt,  mercury,  reflector  flood,  R-40  bulb, 
O.E.  Co.  catalog  H175RFL  39-22. 


♦Requires  several  minutes  warm-up  time. 
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e.  Piston  Rod  Packing  Leakoff  Piping: 

(1)  Packing  leakoff  shall  normally  be  piped  to  the  compressor 
suction  upstream  of  the  suction  strainer.  Packing  leakoff 
piping  from  multistage  compressors  shall  be  manifolded  for 
a single  return  to  suction.  The  leakoff  may  be  vented  to 
atmosphere  when  the  rate  is  economically  acceptable. 

Leakoff  piping  shall  be  silver  brazed  copper  tube  or 
welded  stainless  steel.  This  piping  shall  conform  to  the 
rules  for  oxygen  piping  cleanliness.  Therefore,  leakoff 
piping  connected  to  suction  piping  must  be  flanged  or 
connected  with  unions  at  extreme  ends  to  permit  cleaning 
after  fabrication. 

(2)  Vent  Piping 

(a'  Carbon  Packing 

When  packing  leakoff  piping  is  connected  to  compressor 
suction,  a check  valve  and  ball  type  vent  valve  shall 
be  provided  in  the  leakoff  piping  to  permit  unrestrict 
ed  leakoff  venting  to  the  atmosphere  during  each 
start-up  period  on  nitrogen.  These  valves  shall  be 
located  as  close  to  the  manifold  as  practical.  Piping 
from  each  leakoff  point  to  the  vent  valve  shall 
contain  no  low  points.  The  vent  valve  shall  be 
connected  to  the  straight- though  leg  of  a tee  and  the 
side  leg  shall  run  vertically  upward  for  connection 
to  the  check  valve  before  returning  to  compressor 
suction. 

(b)  Teflon  or  Bronze  Packing 

The  atmosphere  vent  arrangement  required  for  carbon 
packing,  paragraph  (a)  above,  is  not  required  for 
teflon  or  bronze  packing. 

f . Interstage  unloading  shall  be  by  manual  valves  operable 
from  inside  the  personnel  protective  shield.  Therefore, 
these  valves  are  for  adjustment  only  while  operating  the 
oxygen  compressor  on  nitrogen. 

g.  Cooling  Water  Systems 
(1)  Open  System 

Requirements  are  the  same  as  those  for  the  centrifugal 
compressor. 
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(2)  Closed  System 


APCI  OPERATED 


(a)  This  system  shall  conform  to  the  requirements  of  a 

closed  system  for  centrifugal  compressors  end  shall 

apply  t<  the  following  circuits: 

1 Cylinder  Jackets . 

2 Crossheads . 

3 Guide  hearings. 

(h)  Equipment  and  Piping 

1 Water  flow  sight  glasses  are  required  on  the  outlet 
from  each  circuit  per  (a),  above.  They  shall  be 
located  outside  the  personnel  shield. 

2 A globe  type  flow  control  valve  shall  be  located 

— in  the  outlet  line  from  each  circuit  per  (a),  above. 
These  valves  shall  he  located  outside  the  personnel 
shield. 

3 A l/2-inch  drain  valve  shall  be  installed  in  each 

“ circuit  cooled  to  permit  draining  for  maintenance 

purposes . 

2.  Instrumentation 

a.  Refer  to  standard  576.60.1  for  pressure  control,  vent,  recycle 
nnu  iclief  valve  materials. 

b.  Final  discharge  pressure  control  of  both  single  and  parallel 
compressor  arranges  ,ts  shall  be  accomplished  through  a 
pressuix-  indicating  control  valve,  with  return  to  suction.  The 
control  shall  be  mounted  on  the  compress  >r  instrument  panel. 

c.  Final  stage  unloading  of  parallel  compressor  arrangements  shall 
utilise  individual  hand  indicator  control  valves,  with  return  to 
suction.  The  control  shall  be  mounted  on  the  oxygen  compressor 
panel. 

d.  Inventory  dump  valves  are  required  following  the  intercoolers 
of  each  compression  stage  in  Edition  to  the  normal  requirement 
following  the  aftercooler.  T*o  valves  shall  be  sized  to  dump 
the  inventory  c >r.taino  oew  .1  inlet  valve  of  the  preceding 
cylinder  t • the  inlet  valve  >?  the  next  stage  cylinder  to  a 
pressure  below  5 psig  in  seconds. 
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e.  The  bypass  control  valve  (FRC-10-V)  shall  autooatically  close 
under  all  modes  of  shutdown  (normal,  malfunction,  panic,  air 
failure  or  electrical  failure). 


f.  A relief  valve  is  required  between  the  suction  throttle  valve 
and  the  compressor  if  the  suction  side  maximum  allowable  working 
pressure  (MAWP)  is  less  than  the  compressor  first  stage 
discharge  relief  valve  setting.  Set  pressure  shall  equal  the 
MAWP  of  the  weakest  suction  side  component. 


The  flow  rate  shall  equal  the  excess  flow  of  the  bypass  control 
valve  at  design  discharge  pressure  as  compared  to  the  compressor 
flow.  This  sizing  is  for  protection  against  a bypass  control 
valve  hangup  or  operator  error. 


Example:  If  the  bypass  control  valve  actual  size  will  handle 

12336  of  the  compressor  flow.  Idle  relief  valve  shall 
be  sized  to  handle  a minimum  Qf  2336  of  the  compressor 
flow. 


g.  Interstage  pressure  gauges  shall  be  provided  on  the  oxygen 
compressor  instrument  panel  to  monitor  each  stage  discharge 
pressure.  Pressure  taps  shall  be  located  before  each  stage 
cooler. 


h.  Each  valve  cover  temperature  shall  be  monitored  by  copper- 

cons  tantan  thermocouples  and  read  out  by  potentiometer  mounted 
at  or  in  the  compressor  instrument  pane*.. 


i.  Compressors  with  horizontal  cylinders  shall  utilize  piston  rod 
detectors  for  protection  against  piston  rider  ring  wear.  The 
detectors  shall  utilize  a copper  housing  containing  a low 
melting  temperature  eutectic  plug  (220°F  melting  point), 
connected  to  low-pressure  instrument  air.  Rubbing  action 
resulting  from  rod  displacement  shall  melt  the  eutectic  plug, 
releasing  pressure  and  actuating  the  pressure  switch  for 
compressor  shutdown. 


J.  Seismic  type  vibration  switches  shall  be  provided  to  shut  down 
the  compressor  when  frame  vibration  amplitude  increases  to  twice 
the  value  at  the  tow  condition  as  accepted  by  Machinery  Engi- 
neering. A minimum  of  one  switch  per  two  crank  throws  is 
required.  Each  switch  shall  be  mounted  directly  on  the 
compressor  frame  in  line  with  the  main  bearing  between,  or 
adjacent  to,  the  two  ‘.'rows . Each  switch  shall  be  wired  to 
light  a yellow  light,  which  will  indicate  the  switch  that  has 
shut  down  the  compressor.  The  light  shall  be  maintained  until 
the  switch  is  reset.  The  switch  shall  be  Robertsbav  Fulton 
Model  366  or  equal  with  manual  reset. 
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k.  Locally  mounted  thermometers  shall  be  Installed  to  Indicate  the 
outlet  temperature  of  each  circuit  in  a closed  circuit  cooling 
system.  These  thermometers  shall  be  located  outside  the  per- 
sonnel shield  and  shall  be  adjacent  to  the  flow  control  valves 
for  these  circuits. 

l.  An  auxiliary  oil  pump  automatic  start  switch  is  not  required 
since  the  compressor  stops  very  rapidly  after  the  shutdown 
circuit  is  actuated. 

m.  A compound  vacuum  gauge  shall  be  provided  on  the  suction  line 
to  the  crankcase  ejector  nozzle.  The  gauge  shall,  be  located 
outside  the  personnel  barrier  adjacent  to  the  regulating  valve 
on  the  pressure  inlet  line  to  the  nozzle. 

The  gauge  snail  be  Robertshaw  model  313  HD  or  equal  conforming 
to  Design  Engineering  Standard  531*2,  G-602A  except  the  range 
shall  be  10  inches  water  - 0-10  inches  water. 

n.  A high  oil  temperature  indicator  switch,  bulb  type,  shall  be 
installed  in  oil  supply  line  from  the  oil  cooler  to  the  frame. 
Well  for  bulb  shall  be  located  in  horizontal  piping  and  in  a 
position  to  be  at  least  U0ff>  submerged  considering  the  piping 
to  run  half  full.  The  switch  shall  be  connected  to  an  alarm 
on  the  oxygen  compressor  panel.  The  intent  of  this  requirement 
is  to  warn  the  operator  of  excessive  oil  temperature  due 
primarily  t insufficient  water  flow. 

o.  A low  pressure  switch  shall  be  located  between  the  compressor 
and  suction  screen  to  alarm  and  to  shut  down  the  compressor. 
This  arrangement  is  required  to  alert  the  operator  in  case  of 
abnormally  low  suction  pressure  and  to  shut  down  the  compressor 
if  the  decline  continues  to  an  unacceptable  level.  A lock  type 
switch  shall  be  installed  on  the  oxygen  compressor  instrument 
panel  to  bypass  the  low  pressure  switch  during  start-up  on 
nitrogen.  An  amber  light  shall  also  be  mounted  on  the  panel 
to  indicate  use  of  the  bypass  circuit. 


A 
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APCI  OPERATED 


TABLE  I 

Valve  Operation  Node 


Rormal 


Shutdown 


Malfunction  or  Panic 


Failure* 


PIC-21-Vi 

Throttling  to  maintain 
pressure 

Throttling  to  maintain 
pressure 

Closes 

PIC-21-V2 

Throttling  to  maintain  j 
pressure 

Throttling  to  maintain 
pressure 

Closes 

PIC-22-V 

Closes 

Closes 

j Closes 

FRC-10-V 

Opens 

: Opens 

! Opens 

ECV-19-V 

Opens 

i 

j Opens 

* Opens 

ECV-47-V 

! 

Remains  open 

j 

1 

Closes  on  excessive  flow 
only 

doses 

P1C-60-V 

Throttling  to  maintain 
pressure 

Throttling  to  maintain 
pressure 

Closes 

*Air  or  electrical  failure. 


A All  Inf •rniGtitn  Mrii»  It  Hn  cirMirHrI  prtpffy  «f  Air  NAntt  mm4  WOT* 
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***  mand  «rI  mutt  ntl  fc«  «r  wMitvl  prim  vritttA  CGUfttiit.  ' ' 
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Figure  2.  Mass  Flow  Control  System. 
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CONE  TO  BE  STAINLESS  STEEL  TYP.  304  AND  BUTT  WELDED 
WITH  TUNGSTEN-INERT  GAS  WELDING  PROCESS.  THE  CONE 
SHALL  HAVE  A MINIMUM  OPEN  AREA  OF  40%  USING  HOLE 
DIA.  (d)  ON  A TRIANGULAR  PITCH  (X).  SCREEN  ON  OUTSIDE 
TO  BE  MONEL.  100  X 100  MESH,  .0045  WIRE.  .0055  OPENING. 
30.3%  OPEN  AREA.  SPOT  WELD  OR  SILVER  BRAZE  SCREEN 
TO  CONE  AT  LONG  SEAM  AND  AT  CONE  TO  FLANGE  JUNCTURE 
(SPOT  WELDS  TO  BE  AS  CLOSE  AS  POSSIBLE  APPROXIMATING 
A CONTINUOUS  WELD). 

CLEAN  FOR  CLASS  AA  OXYGEN  SERVICE  IN  ACCORDANCE 
WITH  APCI  OCL116F. 

1_ 

Ttyp 

FLOW  { 

| 3-«fe" — t- 


90°  TYP. 


BOLT  CIRCLE  TO  BE  THE 
SAME  AS  FLG  BOLT  CIRCLE 
PER  SIZE  & RATING 


APCI  PART  NO.-* 
(ONE  TAB  ONLY) 


4 TABS  REQ'D.  ■ 


, 3/16”  DIA.  HOLE 
SEE  SEC.  B-B 


VIEW  AA 


100°±1° 


3Tt 


SECTION  B-B 


TUNGSTEN  INERT  GAS 


RESTRAIN  FLANGE  IN  FLAT 
POSITION  DURING  WELDING 
TO  CONE. 


Fig.  3 Conical  Strainers  for  Compressor  Suction  Lines  (Sheet  1 of  2) 
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PART  NO.  & DIMENSIONS 


Pipe  Size 

APC1  Part  No.  & 

(Dwg.  92898D)  Fig.  Rating  L 

D1 

D2 

D3  *c 

d 

X 

Approximate 

Buckling 

Pressure 

Difference 

- 4 

4”-150# 

6 5/8” 

14  GA. 

14  GA. 

- 4A 

4”-300# 

11  1/2” 

6 7/8” 

3 5/8” 

3 3/8”  (.0747) 

(.0747) 

1/8” 

3/16” 

400  PSI 

- 4B 

4”-600# 

7 3/8” 

- 6 

6”- 150# 

8 1/2” 

14  GA. 

14  GA. 

- 6A 

6”-300# 

17” 

9 5/8” 

5 1/2” 

5 1/4”  (.0747) 

(.0747) 

1/8” 

3/16” 

250  PSI 

- 6B 

6”-600# 

10  1/4” 

- 8 

8”-l50# 

103/4” 

14  GA. 

14  GA. 

- 8A 

8”-300# 

23” 

117/8” 

7 1/8” 

67/8”  (.0747) 

(.0747) 

1/8” 

3/16” 

140  PSI 

- 8B 

8”-600# 

12  3/8” 

-10 

10”- 150# 

13  1/8” 

14  GA. 

14  GA. 

— 10A 

10”-300# 

27” 

14” 

9” 

83/4”  (.0747) 

(.0747) 

1/8” 

3/16” 

80  PSI 

-10B 

10”-600# 

15  1/2” 

-12 

12”-150# 

15  7/8” 

14  GA. 

14  GA. 

— 12A 

12  ”-300# 

32  1/2” 

163/8” 

107/8” 

10  5/8”  (.0747) 

(.0747) 

1/8” 

3/16” 

60  PSI 

-12B 

12”-600# 

17  3/4” 

-14 

14”-1S0# 

17  1/2” 

7GA 

11  GA. 

— 14A 

14”-300# 

35” 

18  7/8” 

12  5/8” 

12  3/16”  (.1793) 

(.1196) 

1/4” 

3/8” 

250  PSI 

-14B 

14”-600# 

19  1/8” 

-16 

16”- 150# 

20” 

7GA. 

11  GA. 

-16A 

16”-300# 

39” 

21” 

14  1/2” 

14  1/16”  (.1793) 

(.1196) 

1/4” 

3/8” 

210  PSI 

-16B 

16”-600# 

22” 

-18 

18”-150# 

21  3/8” 

7GA. 

11  GA. 

-18A 

18”-300# 

44” 

23  1/4” 

163/8” 

15  15/16”(.1793) 

(.1196) 

1/4” 

3/8” 

175  PSI 

-18B 

18”-600# 

237/8” 

-20 

20”-150# 

23  5/8” 

7GA. 

11  GA. 

-20A 

20”-300# 

49” 

25  1/2” 

18  3/8” 

17  15/16”(.1793) 

(.1196) 

1/4” 

3/8” 

140  PSI 

-20B 

20”-600# 

26  5/8” 

-24 

24”-150# 

28” 

7 GA. 

11  GA. 

-24A 

24”-300# 

58” 

30  1/4” 

22  3/8” 

21  15/16”(1793) 

(.1196) 

1/4” 

3/8” 

70  PSI 

-24B 

24”-600# 

307/8” 

-30 

30”-l  50# 

34  1/2” 

7/32” 

11  GA. 

-30A 

30”-300# 

70” 

37  1/4” 

28  3/8” 

27  7/8”  (.2188) 

(.1196) 

3/8” 

9/16” 

70  PSI 

-30B 

30”-600# 

38” 

-36 

36”- 150# 

41” 

7/32” 

11  GA. 

-36A 

36”-300# 

88” 

43  3/4” 

34  3/8” 

33  7/8”  (.2188) 

(.1196) 

3/8” 

9/16” 

45  PSI 

-36B 

36”-600# 

44  1/4” 

Fig.  3 Conical  Strainers  for  Compressor  Suction  Lines  (Sheet  2 of  2) 
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Put  It  In  Writing 


DATE  April  13.  196U 

TO  J.  J«  Mittleman  SUBJECT  Specialty  Gas  Gauge  Failure 

FROM  W.  W.  Schmoyer 


cc:  R.  D.  Barclay 

J.  P.  Barker 
tf.  H.  Eggers 
A.  L.  Hatley 


M.  H.  Hubbs 
H.  H.  Master 
G.  Phillips 
L.  P.  Pool 


Attached  is  the  report  on  an  oxygen  pressure  gauge  failure  which  occurred  March  23, 
196L  at  the  Specialty  Gas  Facility  at  Plant  #1,  Emmaus,  Pa. 

An  employee  received  a bruise  on  the  left  hand,  was  treated,  and  returned  to  duty. 

The  reaction  took  place  where  the  bourdon  tube  is  Joined  to  the  inlet  connection  of 
the  gauge  and  caused  pressure  failure  and  fire  damage  to  the  gauge,  pressure 
distortion  of  the  gauge  extension,  pressure  failure  of  the  frangible  disc  safeties 
of  the  manifold. 

The  gauge  was  modified  to  be  in  agreement  with  Design  Standard  531.2  excepting  that 
the  required  restricting  orifice  was  not  included  with  the  gauge.  The  dial  of  the 
gauge  was  not  identified  with  a label  reading  "Oxygen— Mo  Oil",  therefore  the 
service  history  of  this  gauge  can  be  questioned. 

R&D  analysis  of  the  oily  film  on  the  inside  of  the  bourdon  tube  indicates  the 
material  to  be  hydrocarbon  oil. 

The  following  recommendations  are  amde  to  minimize  reactions  in  gauges  in  oxygen 
service  s 

1.  Examine  all  gauges  % inch  or  larger  for  compliance  with  or  modified  to 
Design  Standards. 

2.  Test  all  gauges  as  required  by  I&M  District  Operations  Manual,  Section  3.1.2  or 
Operations  Department  Standard  Procedure  1005. 

3.  Identify  all  gauges  in  oxygen  service  and  use  for  no  other  service. 


Original  Signed  By 
W.  W.  Schmoyer 


WWS/Jmf 

Enel. 

Re-typed  June  1,  1972 
kfq 
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AIR  PRODUCTS  AND  CHEMICALS,  INC 
Safety  Department 
WWSchmoyer/ Jmf 


Aoril  13,  196U 


Investigation  of  Accident 


Location:  Specialty  Gas  Group,  Plant  #1,  Emmaus,  Pa.,  in  the  oxi dent-inert 

filling  area. 

Date:  Approximately  4:30  P.M. , March  23,  196b. 

Equipment  Involved:  A six  station  gaseous  oxygen  transfilling  cylinder 

manifold  gauge  exploded. 

Personnel  Injury:  Employee  H.  Verst,  an  operator,  received  a bruise  to  his 

left  hand.  He  was  treated  at  the  Trexlertovn  Medical 
Center  and  X-rays  taken  of  his  hand.  He  then  resumed  his 
normal  working  schedule. 

Investigated  by:  W.  V.  Schmoyer 

Description  of  Accident: 

A six  station,  pedestal  mounted  gaseous  oxygen  manifold  equipped  with 
braided  stainless  steel  pigtails  was  used  in  trans filling  operations.  All 
station  valves  are  oxygen  cylinder  valves.  One  station  valve  was  equipped 
with  a fusible  plug-frangible  disc  safety,  and  the  other  valves  had  frangible 
disc  safeties.  A UJj  inch,  0 to  5000  psi  range  back  connected  U.S.  Gauge 
extended  above  face  height,  was  part  of  the  manifold. 

A regulator  was  attached  to  one  station  valve  on  the  right  side  of  the 
manifold  and  was  used  to  control  transfilling  pressures  at  50  psig.  The 
regulator  and  the  station  valve  were  open  and  in  service. 

One  station  valve  was  used  as  a vent  valve  and  was  closed.  Three  other 
station  valves  were  closed  and  were  equipped  with  pigtails. 

The  remaining  station  valve  was  closed  with  its  pigtail  connected  to  a 
full  cylinder  (pressure  not  known)  of  oxygen.  The  position  of  the  oxygen 
cylinder  was  in  the  front  of  the  manifold  and  slightly  to  the  left. 

The  operator  was  standing  at  the  right  cad  of  the  manifold  and  noticed 
lack  of  pressure  on  regulator  gauges.  He  checked  regulator  and  station  valves 
and  found  their  settings  satisfactory.  Without  changing  his  position  the 
operator,  with  his  left  hand,  reached  across  the  manifold  to  the  station  valve 
to  which  the  cylinder  was  attached  and  cracked  it  open  slightly.  At  this 
instant,  reaction  took  place  within  the  gauge  causing  the  plastic  gauge  glass 
to  break  and  the  gauge  dial  to  eject  from  the  case.  The  operator  immediately 
dropped  to  the  floor  and  moved  behind  some  other  cylinders.  It  was  at  this 
time  he  noticed  sparks  of  the  type  associated  with  metal  flame  cutting.  He 
then  vacated  the  area  and  someone  turned  off  the  oxygen  cylinder  valve  later. 


April  13,  1961* 
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Description  of  Damage: 

Gauge: 

1.  Plastic  gauge  crystal  was  broken  and  blown  from  the  case, 

2.  The  gauge  needle  and  dial  was  blown  from  the  case. 

3.  The  gauge  rim  was  bent  at  the  six  o'clock  position  but  remained 
attached  to  the  case. 

U.  Both  rubber  gromet  safety  plugs  were  blown  from  their  positions  at 
five  and  seven  o'clock  on  the  side  of  the  case. 

5.  A piece  of  the  beryllium  copper  bourdon  tube  fractured  at  a point  where 
it  is  attached  to  the  stainless  steel  inlet  connection  of  the  gauge. 

6.  The  inlet  connection  vhere  the  bourdon  tube  is  attached  was  burned 
through. 

7.  A small  hole  was  burned  through  the  back  end  of  the  inlet  connection. 

8.  The  inside  of  the  case  was  covered  with  a sooty  deposit. 

Gauge  Extension: 

1.  The  threaded  end  of  the  gauge  where  it  screws  into  the  manifold  tee 
was  bulged  due  to  excessive  pressure.  The  diameter  at  this  point  is 
about  3/32  inch  larger  diameter  than  the  diameter  of  the  1/2  inch 
IPS  extension. 

Manifold: 

1.  The  frangible  discs  on  each  of  the  station  valves  were  blown. 

2.  The  frangible  disc — fusible  plug  safety  on  the  vent  valve  was  intact. 

3.  There  was  no  evidence  of  combustion  within  the  manifold. 

U . The  station  valve  which  connected  to  the  cylinder  was  disassembled  and 
showed  no  evidence  of  combustion. 


Investigation: 

The  service  history  of  the  gauge  may  be  questionable  even  though  it  has 
been  in  service  on  this  oxygen  manifold  for  at  least  six  months.  The  manifold 
is  also  used  on  occasion  to  handle  water  pumped  nitrogen. 


April  13,  1964 
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The  gauge  is  not  in  agreement  with  the  specifications  set  forth  in  Design 
Engineering  Standard  531*2  which  requires  solid  front  construction,  blow  out 
backs,  restrictive  orifices  at  the  inlet  to  the  gauge,  and  the  idal  to  oe 
labeled  "Oxygen— Use  Ho  Oil"  if  the  gauge  is  for  oxygen  service.  Existing 
gauges  not  complying  with  the  Design  Standard  at  the  time  of  and  nrior  to  issue, 
were  permitted  to  remain  in  service  provided  the  gauge  case  was  drilled  and 
rubber  gromet  safety  plugs  installed,  a plastic  gauge  glass  installed,  and 
a restricting  orifice  or  snubber,  per  Design  Standard  531.10.2,  placed  in  the 
inlet  connection  to  the  gauge. 

The  gauge  in  question  did  not  have  an  "Oxygen— -Use  No  Oil"  label  attached 
to  the  gauge  dial  or  a restrictive  orifice  or  snubber  at  the  inlet  gauge 
connection. 

The  gauge  was  disassembled  and  the  following  noted: 

1.  The  first  mating  surfaces  where  the  gauge  mechanism  attaches  to  the 
inlet  connection  housing  was  covered  with  an  oily  substance.  This 
material  was  analysed  by  R&D  and  determined  to  be  hydrocarbon  oils. 

2.  The  bourdon  tube  was  cut  into  two  pieces  at  the  terminal  end  of  the 
tube.  An  oily  substance  covered  the  inside  surface  of  the  bourdon 
tube.  This  substance  was  analysed  by  R&D  and  determined  to  be 
hydrocarbon  coils. 

3.  An  analysis  of  the  content  of  the  cylinder  involved  indicates 

12  ppm  of  hydrocarbon  present  in  the  oxygen.  This  concentration 
is  considered  normal. 


Ignition: 

The  ignition  source  is  believed  to  have  been  the  temperature  rise 
accompanying  adiabatic  compression  as  the  station  valve  on  the  manifold  was 
cracked. 


Summary: 

Upon  cracking  open  the  station  valve  to  which  the  cylinder  of  oxygen  was 
attached,  the  surge  of  oxygen  through  the  manifold  caused  an  adiabatic  temper- 
ature rise  sufficiently  high  to  cause  ignition  of  the  hydrocarbon  oil  in  the 
bourdon  tube.  The  pressure  is  estimated  to  have  been  in  excess  of  8000  psig 
to  cause  distortion  at  the  manifold  end  of  the  gauge  extention  and  in  excess 
of  3700  psig  to  rupture  the  frangible  discs  of  the  station  valves. 


Re-typed  June  1,  1972 
kfq 


AIR  PRODUCTS  AND  CHEMICALS,  INC. 

MEMORANDUM  DATED  JUNE  26,  1970 

LOX  PUMP  FIRES  AND  EXPLOSIONS 
B.  J.  Berrettinl 


DOCUMENT  NOT  AVAILABLE  FOR  GENERAL  DISTRIBUTION 


REPORT  OF  TRIP  TO  GREAT  LAKES  STEEL  CORPORATION 


ECORSE.  MICHIGAN  OH  JUNE  2 6.  1961 


Polder  P-59-2U-2 


PRESENT:  S.  H.  Duffala  and  A.  G.  Piemme 

SUBJECT:  ACCIDENT  AND  Fl.vE  IN  OXYGEN  GENERATING  PLANT 

AT  GREAT  LAKES  STEEL  CORPORATION 

Personnel  Contacted:  I.  D.  Akey,  Superintendent  of  Combustion 

J.  Walls,  General  Foreman,  Combustion 
M.  A.  Jones,  Senior  Engineer 


* 

b 


1 

i 


A 


APCI  DOCUMENT 
not  Maoozs* 


•**c. 


July  7,  1961 
Number  3 


Oxygen  Compressor  Fire 

Late  Wednesday  afternoon,  21  June,  1961,  a lire  in  an  oxygen  compressor  at  the 
Unde  air  separation  plant,  Ecorse,  Michigan,  resulted  in  the  death  of  three 
men  and  extensive  damage  to  the  building  and  other  equipment . Complete  details 
are  not  known,  and  the  following  is  a reconstruction  of  the  event  as  reported 
in  the  newspapers  and  by  people  who  visited  the  scene  several  days  after  the 
fire. 

The  500  T/D  Unde  plant  is  leased  and  operated  by  Great  Lakes  Steel,  and  was 
designed  for  a high  degree  of  automation.  Product  oxygen  from  the  plant  is 
compressed  in  a Clark,  two  stage,  centrifugal  compressor  to  160  psi  for  delivery 
to  the  steel  mill.  Production  in  excess  of  the  mill's  immediate  requirements  is 
taken  from  the  Clark  compressor's  discharge  to  a booster  compressor,  compressed 
to  625  pei  and  discharged  to  a gas  storage  system.  The  bocster  compressor  is 
a Worthington,  single  stage,  three  cylinder  machine  of  modified  T design.  The 
central  cylinder  was  vertical  and  the  others  were  on  each  side  at  about  30° 
from  the  vertical.  It  was  reported  that  the  packing  and  piston  rings  were  of 
glass-filled  teflon. 

The  oxygen  compressor  room  is  walled  off  from  the  other  half  of  the  building 
which  contains  primarily  the  air  compressors.  The  electrical  switchgear  for  the 
oxygen  compressors,  and  apparently  that  for  the  entire  plant,  are  in  the  same 
room  with  the  oxygen  compressors.  The  office  and  control  room  for  the  plant 
is  attached  to  the  oxygen  compressor  room.  The  roof  of  the  office  and  control 
room  was  used  for  storage  and  apparently  was  open  to  the  compressor  room.  A 
six  inch  product  oxygen  line  from  the  vaporiser  also  passed  through  the  space 
over  the  office  and  control  room. 

Some  difficulty  apparently  had  been  experienced  with  the  Worthington  machine  as 
it  is  reported  that  various  repairs  and  adjustments  had  been  made  during  the 
three  days  prior  to  the  fire.  It  is  also  reported  that  the  operators'  log  for 
the  shift  prior  to  the  fire  had  a note  to  watch  the  center  cylinder  as  it  was 
running  hot.  The  machine  evidently  had  been  shut  down  and  wash  performed  on 
the  piston  assembly  on  the  afternoon  of  the  21st  . The  fire  occurred  at  about 
k'l*3  p.m. , shortly  after  the  compressor  was  put  back  on  stream.  Ignition 
appears  to  have  occurred  in  the  crater  cylinder  and  probably  burned  through  to 
the  oil  in  4 he  crankcase.  Apparently  there  was  no  true  explosion,  but  a pres- 
sure release  (160  psi  suction  pressure)  when  the  cylinder  melted  through.  The 
fire  spread  to  the  electrical  motors  and  switchgear,  and  also  to  the  combustibles 
stored  above  the  office.  The  fire  was  intensified  by  oxygen  discharged  from 
the  Clark  compressor  and  also  from  the  six  inch  linn  from  the  vaporizer,  which 
melted  or  'burned  through  after  the  combustibles  on  top  of  the  office  ignited. 

The  air  separation  plant  continued  to  operate  until  it  w&e  shut  down  by  city 
firefighters.  Ignition  may  have  been  the  result  of  friction  within  the  cylinder 
itself,  or  as  the  result  of  foreign  matter  entering  during  the  repair  operations. 

This  incident  re-emphasizes  the  necessity  for  (a)  keeping  combustibles  away  from 
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pipe  lines  and  equipment  handling  oxygen,  (b)  isolating  as  far  as  possible  gas- 
eous oxygen  compression  equipment  from  other  equipment,  (e)  use  of  cheek  valves 
and  remote  shut  off  valves  so  critical  cosqponents  can  be  isolated  quickly,  and 
(d)  rigid  adherence  to  high  standards  of  cleanliness  and  accuracy  in  all  main- 
tenance and  operations. 
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E.  J. 

Donley 

J.  J.  Mittleman 

v On  March  6,  1963  Airco  experienced  an  explosion  in  a reflux  oxygen  pump  at  one  of 
their  plants  at  Butler  which  killed  one  man,  hospitalized  three  more,  and  did 
extensive  damage  to  the  air  separation  equipment.  Enclosed  for  your  information 
is  a copy  of  a report  of  this  incident  that  was  presented  at  the  recent  A.I.Ch.E. 
Air  and  Ammonia  Plant  Safety  Symposium.  Although  we  do  not  have  liquid  pumps  in 
this  service,  the  same  type  of  incident  could  occur  in  other  liquid  oxygen  pumps. 
In  reviewing  the  recommended  corrective  action,  similarity  with  our  own  operations 
is  of  interest. 

1.  Although  we  do  not  inert  liquid  oxygen  pumps  before  placing  them  in  service 
or  removing  them  from  service,  whenever  it  is  necessary  to  hold  a pump  in 

a cold  condition  it  is  done  with  nitrogen  rather  than  with  oxygen. 

2.  Our  vertical  B-J  pumps  have  a drain  in  the  bottom  of  the  pump  barrel 
so  that  all  material  can  be  blown  out  or  drained  from  the  low  point 
during  defrost. 

3.  Flexible  hoses  are  used  only  for  transfer  of  product  and  not  on  the 
process  equipment  itself. 

U.  Considerable  attention  is  given  to  providing  an  adequate  fire  protection 
system  for  the  tonnage  oxygen  facilities.  With  exception  of  Acme,  each 
plant  is  considered  to  have  an  adequate  fire  water  system  with  the 
capability  of  providing  large  quantities  of  water  to  all  elements  of  the 
facility.  Modifications  to  the  Acme  facility  have  been  recommended  and  are 
under  study. 

5.  A program  for  solvent  washing  the  cold  box  equipment  associated  with  oil 
lubricated  compressors  has  been  under  development  for  several  years. 
Recommended  washout  schedules  for  each  r.f  these  plants  has  been  developed. 
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DESCRIPTION  OF  AN  AIR  SEPARATION  PLANT  EXPLOSION 


BY:  J.  J.  Rendos 

Air  Reduction  Sales  Company 
Division  of  Air  Redaction  Company,  Inc. 
Jersey  City,  New  Jersey 


ABSTRACT 


An  explosion  in  an  oxygen  circulating  pump  and  connecting  piping  is  des- 
cribed. The  accident  was  caused  by  an  ignition  of  combustible  contaminants 
in  the  pump  and  connected  piping.  The  source  of  ignition  is  unknown. 


REPORT 


On  Wednesday,  March  6,  1963,  at  11:08  A.M.  an  explosion  occurred  in  an 
oxygen  circulating  pump  and  connected  piping.  The  resulting  fire  involved 
refrigerating  and  associated  equipment.  This  accident  was  caused  by  the 
ignition  of  combustible  contaminants  in  the  oxygen  pump  and  connected  piping. 
The  source  of  ignition  is  unknown.  The  violent  fragmentation  of  the  cast 
bronze  pump  body  and  associated  equipment  caused  considerable  damage  and 
personal  injury.  The  ruptured  pump  and  associated  pipe  equipment  were  built 
according  to  code  requirements.  The  violence  of  the  explosion  was  such,  that 
piping,  pump  parts,  and  cold  box  panels  were  ruptured. 

This  plant  manufactures  liquid  oxygen,  nitrogen,  and  argon  in  addition  to  pipe- 
line oxygen  and  nitrogen.  Due  to  the  increased  argon  demands,  a modification 
was  made  to  the  primary  air-separation  column  of  one  of  the  wits.  This  con- 
sisted of  adding  more  rectification  plates  between  the  argon  attachment  and 
the  reboiler.  This  secondary  column  was  so  installed  that  it  was  necessary  to 
take  liquid  oxygen  from  the  present  (low-pressure)  primary  column  and  to  pump 
the  liquid  to  the  newly  Installed  column.  (See  simplified  flowsheet,  page  6). 


HISTORY  OF  ACCIDENT 


Four  employees  were  engaged  in  starting  up  the  liquid  oxygen  reflux  pump  on 
Unit  No.  3 after  an  eight-day  shutdown  for  maintenance  and  derime.  The 
function  of  this  reflux  pump  was  to  transfer  liquid  oxygen  from  the  bottom  of 
the  primary  oxygen  column  to  the  top  of  the  secondary  oxygen  column. 
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The  oxygen  reboiler,  reflux  pump  and  associated  piping  were  last  washed 
(using  chlorothene)  on  March  20,  1962.  Unit  No.  3 was  shutdown  on  February 
26,  1963  for  maintenance  work  and  derimed  on  March  5.  After  a complete  derime, 
the  column  was  cooled  and  had  been  running  for  16  hours  when  the  procedures 
for  starting  up  the  secondary  column  by  the  use  of  the  oxygen  reflux  pump 
began. 

The  reflux  pump  shaft  was  free  when  the  liquid  oxgyen  inlet  valve  to  the 
pump  was  first  opened.  However,  the  pump  froze  and  could  not  be  started. 

The  inlet  valve  was  closed  and  the  pump  bowl  heated  externally.  This  was 
accomplished  by  applying  steam  to  the  bowl  of  the  pump.  The  steel  panel  and 
the  insulation  from  the  west  side  of  the  pump  were  removed  for  this  procedure. 
When  the  pump  shaft  could  be  turned  by  hand,  one  of  the  sen,  who  was  standing 
on  the  west  side  of  the  pump  housing,  started  to  reopen  the  oxygen  liquid  in- 
let valve  slowly.  The  oxygen  gas  vent  valve  and  the  outlet  liquid  oxygen 
valve  were  already  open  in  preparation  for  starting  the  pump.  Before  the 
pump  was  started  and  when  the  inlet  oxygen  liquid  valve  was  opened,  and 
explosion  occurred. 

The  inlet,  outlet  and  vent  lines  within  the  insulated  pump  housing  had 
ruptured  from  an  internal  explosion  as  well  as  the  4"  inlet  line  inside  the 
cold  box  leading  from  the  bottom  of  the  primary  oxygen  column  to  the  pump 
impeller  casing.  The  impeller  casing  explosion  blew  several  pieces  through 
the  end  steel  insulation  panel.  The  violence  of  the  detonation  forced  the 
vertical  pump  shaft  upwards  with  sufficient  momentum  to  break  loose  the  motor 
and  casing  on  top  of  the  shaft  mount  throwing  the  motor  25  feet  to  an  over- 
head platform  above  the  refrigerating  ''quipment.  The  pipeline  explosion  blew 
the  panels  from  the  east  side  of  the  pump  housing  and  from  the  side  of  the 
cold  box  immediately  in  front  of  the  pump,  blew  rock  wool  and  fragments  of 
the  three  pipelines  around  the  area.  This  started  an  oxygen-fed  fire  at  the 
refrigerating  equipment  several  feet  in  front  of  the  pump.  The  fuel  being 
a mixture  of  Freon  12  (dichlorodifluorome thane)  0 OI2F2  and  lubricating  oil. 
Evidence  of  burning  at  the  copper  braid  covering  of  the  ruptured  flexible 
hoses  indicated  that  some  combustibles  were  present  in  the  hose  lines. 


DISCUSSION  OF  ACCIDENT 

The  damage  was  apparently  caused  by  Internal  explosions : 

1.  In  the  4"  and  3”  copper  lines  at  the  bottom  of  the  primary  column 
to  the  oxygen  reflux  pump, 

2.  In  the  punp  impeller  casing, 

3.  In  the  oxygen  reflux  pump  line  to  the  secondary  oxygen  column, 

4.  In  the  vent  line  branching  from  the  inlet  line,  and 

5.  In  the  baffle  supoort  pipe  stiffener  in  the  oxygen  reboiler. 


The  series  of  coincidental  ruptures  in  the  pump  and  oxygen  lines  indicated 
that  a detonation  had  occurred  and  that  the  pump  and  piping  contained 
appreciable  quantities  of  combustible  in  contact  with  the  liquid  oxygen. 

The  combustible  was  probably  lubricating  oil  which  had  accumulated  in 
the  system  over  an  eleven-month  service  period  and  that  had  been  left 
after  the  derime  in  a plugged  sump  in  the  base  of  the  pump  impeller 
casing  and  in  the  crevices  of  the  bellows-type  flexible  hoses  which  had 
been  installed  with  their  axes  horizontal. 

The  source  of  ignition  could  have  been  violent  turbulence  in  the  base  of 
the  pump  caused  by  cold  liquid  meeting  a warm  heavy  metal  pump  piping. 

Any  liquid  that  reached  the  pump  would  boil  violently  because  of  the  high 
heat  capacity  of  the  heavy  metal  parts . Although  oil  by  itself  would  not 
be  expected  to  ignite  in  liquid  oxygen,  even  when  violently  agitated,  the 
presence  of  solid  acetylene  could  sensitize  the  oil  to  ignition  by  turbulence. 
The  column  had  just  been  derimed.  It  would  not  be  expected  to  show  accumula- 
tions of  acetylene  above  the  solubility  limit  in  the  liquid  so  soon  after  a 
derime.  The  other  three  units,  which  were  tested  for  acetylene  before  they 
were  restarted  after  the  explosion,  showed  no  acetylene  except  for  the  usual 
trace  in  the  scrubber. 

There  is  a remote  possibility  of  chlorothene,  which  is  combustible  in  oxygen, 
being  present  but  the  probability  is  so  low  that  the  possibility  is  not 
worth  considering.  It  seems  reasonably  certain  that  lubricating  oil  was  the 
sole  combustible.  The  pump  casings  on  the  oxygen  transfer  pumps  showed 
lubricating  oil  when  disconnected  and  inspected  internally  after  the  explosion 
and  fire.  Also,  some  unbrazed  sections  of  lapped  joints  in  the  silver  brazed 
copper  inlet  line  showed  evidence  of  explosion  inside  the  lap  joint  where 
oil  had  probably  collected.  When  the  outer  female  copper  joint  Dulged,  the 
inner  or  male  connection  bulged  inwards  tearing  open  the  silver  brazed  Joint 
revealing  unbrazed  areas  which  had  not  been  thought  to  exist.  Some  unconsumed 
oil  vas  still  noticeable  in  one  area  inside  the  ruptured  pipe. 


CONCIAJSIOHS 

1.  The  internal  explosion  in  the  pump  and  associated  piping  was  probably 
caused  by  the  rapid  combustion  of  lubricating  oil  that  had  collected 
since  the  last  washing  period,  March  20,  196 2,  and  that  had  not  been 
removed  by  the  deriming  operations  (March  5,  1963). 

2.  The  oil  accumulations  was  trapped  in  the  convolutions  of  the  bellows- 
type  flexible  hoses,  mounted  with  axes  horizontal  and  in  the  plugged 
sump  in  the  pump  bowl. 

3.  The  cause  of  ignition  is  not  known  although  it  might  have  been  turbu- 
lence in  the  hot  pump  when  admitting  liquid  oxygen  possible  sensitized 
by  the  presence  of  frozen  acetylene. 


- 4 - 


CORRECTIVE  ACTION 

1*  (a)  The  cold  box  oxygen  transfer  pimps  similar  in  construction  and 

service  to  the  oxygen  reflux  pump  will  be  cooled  and  inerted 
with  liquid  nitrogen  before  using  them  in  liquid  oxygen  service. 

(b)  Before  doing  any  maintenance  work  on  the  transfer  pumps,  such  as, 
thawing  or  repairing,  the  liquid  oxygen  purnns  will  be  inerted  with 
liquid  nitrogen. 

2.  Drains  will  be  provided  in  all  oxygen  transfer  pump  bowls  in  the  boss 
at  the  center  of  the  casing.  This  is  the  low  point. 

3.  In  the  future,  all  flexible  hoses  in  liquid  oxygen  service  will  be 
installed  with  axes  vertical. 

U.  The  combustibility  hazard  of  Freon  12  refrigerating  equipment  will  be 
examined  to  determine  need  for  less  exposed  positions  or  for  automatic 
sprinkler  protection. 

5.  All  plants  will  be  equipped  in  the  engine  rooms  and  near  cold  boxes  with 
large  fire  hoses  connected  to  a suitable  source  of  water.  These  hoses 
are  to  be  equipped  with  fog  nozzles.  This  accident  proved  once  and  for 
all  the  advisability  of  installing  such  equipment  in  the  engine  room. 

The  damage  would  have  been  many  times  as  great  were  it  not  for  the  hoses 
and  fog  nozzles  supplied  to  this  plant. 

6.  All  air  separation  unit  cold  box  equipment  will  be  solvent  washed  so 
long  as  oil  lubricated  compressors  are  used. 

T.  In  Unit  No.  3,  the  following  procedure  was  followed  in  the  main  cold 
box  to  eliminate  the  oxygen  reflux  pump. 

(a)  Isolated  secondary  oxygen  column. 

(b)  Connected  oxygen  column  reboiler  to  the  primary  oxygen  column. 

(c)  Blanked  the  derime  valve  to  the  primary  oxygen  column. 
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Put  It  In  Writing 

DATE  December  29.  1967 

TO  All  Plant  Managers  SUBJECT  Oxygen  Pipe  Line  Failure 

FROM  H.  H.  Master 


cc : W.  English 
D.  Fox 
M.  Halsted 
R.  Hatley 
M.  Hubbs 


F.  Iobst 
W.  Say 
W.  Scharle 
T.  Straughan 
H.  Wynn 


In  November  1967  there  was  an  oxygen  pipe  line  fire  in  a steel  mill  in 
India.  A steel  mill,  with  the  assistance  of  cm  oxygen  company  technical 
staff,  was  in  the  process  of  installing  a scarfing  machine,  although  at 
the  time  of  the  fire  the  scarfer  was  not  in  operation  and,  in  fact,  was 
not  yet  connected  to  the  oxygen  line.  The  main  supply  is  8 inches  in 
diameter  and  approximately  U00  feet  long.  A 4 inch  diameter  drop  line 
from  the  main  header  connects  to  the  scarfer.  Technicians  had,  a few 
minutes  prior  to  the  indent,  been  setting  the  timing  on  emergency 
cut-off  valves  at  the  scaling  machine.  When  the  oxygen  line  was  pre- 
ssurized for  the  first  time,  a fire  originated 1 2 3  4n  a line  filter, 
essentially  consumed  the  filter  and  also  curaed  through  an  elbow 
immediately  downstream  of  the  filter.  The  filter  case  material  is 
not  known  but  the  filter  element  was  stainless  steel,  60  mesh. 

Six  people  were  standing  relatively  close  to  the  filter  which,  unfor- 
tunately, was  located  in  a rather  crowded  and  confined  area.  Those 
six  people  were  killed. 

Even  though  we  do  not  know  the  details  on  operating  and  cleaning,  this 
incident  serves  as  a reminder  on  several  safety  rules  which  have  been 
issued  in  the  past: 

1.  Rigid  cleaning  and  inspection  of  materials  used  in 
oxygen  transmission  lines. 

2.  Slow  opening  of  valves. 

3.  A minimum  of  personnel  in  the  area  on  initial  pressurization 

or  testing  of  equipment  and  remote  operation  where  possible. 


ORIGINAL  SIGNED  BY 


H.  H.  Master 

HHM/may 

(Retyped  September  25,  1972,  cju) 
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PUT  IT  I N WRITING 


TO:  Distribution 


FROM:  H.  Master 


Date:  December  30,  1968 

Subject:  LOX  Transfer  Pumps 


Distribution: 

All  Plant  Managers 
W.  L.  Ball* 

J.  H.  Colby* 

J.  J.  Dwyer* 

G.  Fedorko  APL 
M.  H.  Halsted 
P.  F.  Newman* 

A.  W.  Norman* 

•attended  meeting 


R.  D.  Paige* 

W.  T.  Rector* 

G.  W.  Robinson 
W.  J.  Scharle* 
J.  L.  Stolz 

M.  Vogel  APL 

H.  E.  Wynn 
M.  Xiques 


J.  H.  Arnold 
C.  Z.  Howell 
R.  McVickers 
E.  P.  Thomas 


A meeting  was  held  12/27/68  vith  regard  to  2 LOX  pump  (Paul)  incidents  which  Airco 
had  within  a matter  of  hours  of  each  other.  In  the  first  case  there  was  no  gearbox 
bearing  failure  and  it  was  believed  foreign  matter  got  into  the  pump  and,  due  to 
close  tolerances,  resulted  in  frictional  heat  and  fire.  In  the  second  case  there  was 
a bearing  failure  and  the  operator  heard  the  squealing  in  the  gearcase  and  shut  the 
pump  down.  There  was  no  fire  in  this  second  pump.  It  was  explained  that  these 
pumps  do  neb  have  any  bearings  in  the  pump  itself.  They  are  dependent  on  tolerances 
set  in  the  gearbox  bearings,  etc.  to  prevent  rotating  parts  from  hitting  the  case. 
This  construction  is  the  reason  for  theorizing  foreign  material  in  the  impeller  area 
caused  the  one  fire. 

Some  items  brought  out  at  this  meeting  were: 

1.  Most  plant  pumps  are  BJ.  All  those  for  customer  supply  have  suction  filters. 

2.  IGD  has  not  had  a problem  with  trailer  pumps.  It  is  believed  all  their 
pumps  have  suction  filters  but  P.  Newman  is  going  to  check  this  out.  It  is 
also  believed  Halocarbon  oil  is  used  in  the  gearcases. 

3.  Granite  City  has  had  a history  of  foreign  material  in  the  Tyree  pump  and 
has  had  a filter  installed. 


Action  determined  necessary  as  a result  of  the  meeting: 

1.  Install  conical  screens  on  all  pump  suction  lines.  C.  Howell  will  review 
piping  and  practical  installations  are  to  be  worked  out  for  the  individual 
plants.  This  is  to  be  done  by  January  13,  1969. 

2.  J.  Dwyer  will  check  to  be  sure  ScCal  has  filters  included. 

3.  W.  L.  Bell  will  check  on  pump  histories  at  APL.  APL  is  to  be  notified  of 
these  problems  and  assist  W.  L.  Ball  as  requested  in  gathering  this 
information. 

b.  Screen  inspections  and  cleaning  are  to  be  on  a 6 months  frequency  and  are 
to  be  included  in  the  PM  program.  They  will  also  be  done  during  any  pump 
disassembly  or  repair  but  the  6 months  interval  must  be  set  up  to  take 
care  of  those  instances  where  operation  and  repairs  are  infrequent. 

3*  There  were  a few  questions  on  the  attached  pump  summary  which  the  writer 
was  to  investigate.  Answers  are  handwritten  on  the  attached. 


-'S  t 


/ 


December  30,  1968 


Via  copy  of  this  memo,  plant  managers  are: 

1.  Advised  of  the  incident  so  they  can  act  accordingly. 

2.  Advised  they  are  to  install  screens  on  similar  pumps  if  they  are  not  already 
provided.  Engineering  vill  provide  details  per  Item  1 (action)  above. 

3.  Review  the  attached  summary  and  advise  the  writer  of  any  corrections  or 
additions  they  may  have  for  this  listing. 

The  high  speed  product  pumps  at  Lone  Star  are  probably  our  most  critical  pumoing 
application  using  Paul  pumps  and  they  have  a line  strainer  installed. 


ORIGINAL  SIGNEO  BY 


H.  H.  Master 
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PUT  IT  IN  WRITING 


TO:  Distribution 


Date:  January  24,  1969 


FROM:  H.  Master 


Subject:  IOC  Transfer  Pump  Screens 


Distribution: 


T.  M,  Beckovski 
T.  R.  Bosley 
J.  E.  Graham 
D.  Harris 
J.  K.  Helferty 
J.  M.  Norwood 
G.  H.  Shelborne 
M.  D.  Thompson 
L.  L.  Volland 
S.  W.  Voxburg 


cc: 


J.  H.  Colby  (no  attachments) 
M.  H.  Halsted  " 

G.  tf.  Robinson  w 

W.  M.  Say 

W.  J.  Scharle  " 

H.  E.  Wynn  " 


On  December  20,  1968  the  writer  issued  a memo  outlining  a history  of  pump  fires 
and  failures  Airco  has  had  recently.  It  was  believed  foreign  material  got  into 
the  pumps  and  caused  the  problems.  As  a result  it  was  decided  we  would  put 
screens  in  all  our  transfer  pump  suction  lines  and  Engineering  was  assigned  to 
review  prints  and  determine  where  they  could  be  installed,  what  screen  could 
be  put  in,  and  determine  materials  and  costs  of  same. 


Attached  are  prints,  sketches,  or  flow  sheets  for  your  respective  plants  which 
have  been  marked  to  show  the  installation.  A bill  of  materials  to  do  the  Job 
is  also  included  on  these  marked  sheets.  Also,  attached  is  a tabulation  of 
materials  required  to  do  the  work  on  each  pump  and  the  estimated  cost  for  the 
materials.  The  plate  flange  listed  for  most  screen  systems  (Item  7)  is  an  APCI 
standard  579-2.4-13,  a copy  of  which  is  attached. 

Installation  of  these  screens  is  urgent.  I will  be  calling  each  of  the  plants 
involved  on  Wednesday,  January  29*  Meantime,  check  the  prints  or  sketches  and 
see  if  your  piping  has  not  been  changed,  the  proposed  method  of  installation  is 
satisfactory  and  bill  if  materials  is  adequate.  When  I call  I would  like  to  know 
if  you  need  any  further  help  in  this  matter.  Also,  confirmation  of  the  bill  of 
materials  will  prompt  me  to  order  the  cone  screens  (100  mesh)  only  from  here. 
Other  items,  excepting  the  brass  flanges,  are  standard  and  it  would  expedite 
otters  if  you  ordered  them  locally.  Screens  are  standard  and  a weeks  delivery 
has  been  quoted. 
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Distribution 
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January  2U,  1969 


As  far  as  the  flanges  are  concerned  they  shall  be  made  locally  if  at  all  possible. 
It  will  take  us  five  to  six  weeks  to  get  the  material  here  and  two  weeks  to  have 
them  made.  They  will  cost  $35  each.  When  I call  we  can  also  discuss  this  matter 
if  there  is  a problem. 

This  is  an  urgent  safety  item  and  all  screens  should  be  installed  with  a month 
and  earlier  if  possible.  If  any  assistance  is  required,  contact  the  writer. 


■ORIGINAL  SIGNED  BX 


H.  Master 


HM:sl 

Attachments 


\ 


i 

v 


Retyped  9/25/72  sba 


1 

* 


* 


" 9 * 


Tabulation 


Materials  Required  for  LOX  Pump  Strainer  Installation 


B/M  No. 


Location 

Section 

1 

2 

3 J*  5 6 

7 

8 9 10 

11 

12 

13 

14  15  16 

Cost 

Middletown 

10.22 

2 

8 

32 

6k 

64 

k 

$ 525 

Santa  Susana 

2 

$ 200 

Sparrows  Point 

10.50 

1 

2 k 

8 

8 

1 

$ 300 

Sparrows  Point 

Portable 

1 

$ 77 

Sparrows  Point 

10.22 

1 

2 

k 

8 

8 

1 

$ 155 

Lathrop 

10.20 

2 

k 

8 

16 

16 

2 

$ 300 

Ashland 

10.22 

1 

2 

k 

8 

8 

1 

$ 150 

Burns  Harbor 

10.30 

1 

2 

k 

8 

8 

1 

$ 155 

N * Orleans  A 

10.22 

1 

$ 100 

New  Orleans 

10.31 

3 

6 

12 

2k 

2k 

3 

$ 525 

P 

New  Orleans 

10.97 

2 

k 

8 

16 

16 

2 

$ 300 

Delaware  City 

10.30 

1 

$ 77 

* 

Chicago 

R.R. 

1 

2 16 

32 

32 

2 1 

$ 365 

1 

Granite  City 

10.70 

1 

2 k 

8 

8 

1 

$ 155 

1 

Totals 

2 

7 

7 2 11 

30 

2 2 96  192  192 

1 

15  2 1 

$3384 

1 \ 

Notes:  A.  Dwg.  3-l68l-57-230E  presently  shows  a suction  strainer  installed.  Verification 

of  its  presence  should  be  made  prior  to  this  purchase. 


Bill  of  Material 


1.  Strainers,  U"-150#  R.  P. , Type  30USS,  Mack  Iron  Works  "PCS", 

100  mesh  SS  Screen  (outside  liner) 

2.  Strainer,  3”  -150#  F.  P. , Type  30USS,  Mack  Iron  Works  "PCS”, 

100  mesh  SS  Screen  (outside  liner) 

3.  Strainer,  4"  -150#  P.F. , Type  304SS,  Mack  Iron  Works,  "PCS", 

100  mesh  SS  Screen  (outside  liner) 

4.  Strainer,  2 l/2"-150#  P.F. , Type  304SS,  Mack  Iron  Works  "PCS", 

100  mesh  SS  Screen  (outside  liner) 

5.  Strainer,  4"-150#  P.P.,  Type  304SS,  Mack  Iron  Works  "FFP", 

100  mesh  SS  Screen 

6.  Strainer,  4"-150#  P.F.,  Type  304SS,  Mack  Iron  Works  "PES", 

100  mesh  SS  Screen  (outside  liner) 

7.  Flange,  Brass,  APCI  Std.  579-2. 4-13 

8.  Flange,  3"-150#  R.F. , Weld  Heck,  Type  304SS 

9.  Flange,  4”-150#  R.F.,  Weld  Heck,  Type  304SS 

10.  Studs,  S.S.  Type  304,  5/8-11  X 3 3/4  lg. , ASTM  A320  Sym  B8,  Code  Ho. 
7-820-69-1U96 

11.  Huts,  SS  Type  321,  Hex  Hvy,  5/8-11,  ASTM  A194  Sym  8T,  Code  Ho.  7-592-69-0057 

12.  Washers,  SS,  5/8",  Code  Ho.  7-961-69-1020. 

13.  Gasket,  7-372-03-0^22,  3 1/2"  X 5 3/8"  Fit.  Ring  - 1/16"  Oarlock  900 
(ASA  B16.21) 

14.  Gasket,  7-372-03-0160,  3 1/2"  X 7 1/2",  Full  Face  - l/l6"  Garlock  900 
(ASA  B16.21) 

15.  Gasket,  7-3T2-03-0428.4  1/2"  X 6 7/8",  Fit  Ring  - 1/16"  Garlock  900 
(ASA  B16.21) 

16.  Pipe,  4"-Sch.  40,  ASTM  A312  Type  30U,  8"  lg.  IG  Welded,  Plain  ends. 
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«"  « No.  & Din.  of  Bole 
Eo3ec  Equally  5. paced 


PART 

KO. 

SIZE 

A 

B 

C 

D 

E 

N 

T 

IT  SIGN 

•;^ss. 

}r’Tr:cy/.L 
coj?.  ::o. 

8. 

1 

4 1/4 

3 1/8 

BjW 

H 

4 5/8 

3/4 

220 

1-671-05-eoM 
3-346-05-00.  y 

9. 

1 1/4 

4 5/8 

3 1/2 

ia?8 

1.301 

1 1/4 

4 5/8 

3/4 

220 

1-673  -05-0:0.0 
3-34  6-05-0:50 

10. 

1 1/2 

5 

3 7/0 

1.6?8 

1.631 

1 1/2 

4 5/8 

7/8 

220 

1-671-  05-06.12 
5-34 6-05- 00  V.; 

11. 

2 

6 

4 3/4 

2.120 

2.131 

2. 

4 3/4 

1 

220 

1-671-05-02 

3-346-05-0:;.  2 

12. 

2 1/2 

B 

5 1/2 

2.623 

2.631 

2 1/2 

4 3/4 

1 

220 

3.-671-05  CO? 
3-346-0;, -0035 

13. 

3 

7 1/2 

6 

?.120 

3.l5l 

3 

4 3/4 

1 1/0 

220 

1-671-05-0016 

3-346-05-0054 

14. 

4 

9 

7 1/2 

4.120 

4.131 

4 

8 3/4 

1 3/4 

220 

3.-671-05*  00?  n 

3-346-05-0024 

20. 

6 

11 

| 9 1/2 

• 

6.323 

6.131 

6 

8 7/8 

1 3/0 

220 

1-671-05-CO::) 
3-346-05-0?:.  7 

NOTE: 

1.  These  flai 

£C3  are 

designed  for 

in.'s  vith  1/16“ 

thk. 

compressed  asbestos  ,:Carlock  9C0‘!  full  face  ^a.-.’-eto. 

2.  Material  to  be  used  - Naval  Brass  Plato  ASTK  B371, 

"T"  thick  by  "A"  dia. 

• 3.  Reducing  fiances  of  this  rating  arc  listed  on  }’;.~eo  8 L 9. 
* Tolerance  is  + 1/32!I 


A. 
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t 

| 

! Dist:  W.  I.  Ball  H.  H.  Master  V.  T.  Rector  H.  E.  Wynn 

B.  J.  Berrettlnl  A.  V,  Roman  G.  tf.  Robinson*  M.  H.  Vogel  - APL 

M.  H.  Halsted  R.  D.  Paige  J.  L.  Stole*  J.  M.  Geist* 

■ F.  A.  lobst  E.  P.  Thomas* 


Available  history  of  centrifugal  LOX  pumps  failures  of  Paul,  Carter,  and  Cosmodyne 
manufacture  indicates  that  catastrophic  mishaps  of  the  type  recently  experienced 
at  our  Puerto  Rico  Facility  have  occurred  only  on  pumps  operating  at  relatively 
hi speeds  (above  3600  RPM)  and  have  mostly  been  associated  with  internal  rubs 
resulting  from  bearing  failures.  (The  second  most  conmon  cause  is  ingestion  of 
<jf»*>ri8. ) As  well  as  can  be  determined  from  discussions  with  APCI  personnel,  no 
dramatic  failures  have  occurred  on  the  3600  RPM  low  head,  high  volume  transfer 
pumps  in  APCI  or  in  other  companies  in  the  industry  and,  therefore,  incidents 
must  be  considered  very  rare,  if  even  exist ant. 

A meeting  was  held  on  January  20,  1971  (attendees  indicated  by  asterisks  (*)  to 
discuss  the  safety  and  reliability  aspects  of  these  pumps  and  the  following  re- 
commer lations  were  made. 

For  the  five  (5)  high  speed  LOX  pumps  now  in  service  under  the  APCI  operations 
department  (two  at  Lone  Star  fi  8600  RPM,  two  at  Puerto  Rico  € 9^00  RPM,  and  one 
at  Burns  Harbor  S 11,1*00  RPM),  the  recommendations  were: 

1.  Installation  of  "Type  II  Safety  Modifications  Kits". 

2.  Installation  of  appropriate  safety  barriers. 

3.  Installation  of  suction  sc  rans. 

1*.  Installation  of  nitrogc..  purge  on  gear  cases. 

5.  Installation  of  bearing  temperature  alarm  and  shutdown  systems. 


Below  is  a status  tabulation  of  the  five  units  now  in  service  relative  to  the 
listed  items: 


;em  Description 

Burns  Harbor 

Lone  Star 
A Unit  | B Unit 

Puerto 
A Unit 

Rico 
B Unit 

rpe  II  modif.  kit 

Installed 

Installed 

Installed 

Installed 

Installed 

•otective  Barriers 

Rone 

Installed 

Installed 

Installed 

Installed 

action  Screens 

Installed 

Installed 

Installed 

Installed 

Installed 

.trogen  Purge 

Installed 

Installed 

Installed 

Installed 

Installed 

taring  Temperature 
ystem 

Rone 

To  be 
Installed 

To  be 
Installed 

Installed 

Installed 

orced  Feed 
| Lube  System 

Not 

Necessary 

Rot 

Necessary 

Hot 

Necessary 

Installed 

i 

Installed 

APCI  DOCUMENT 
! NO. 


A 


7%oduc&  and  Chmieak 


TO W.  J.  Scharle 


FROM  R.  D.  Stompler 


Put  It  In  Writing 

DATE  January  26.  1971 

SUBJECT  Paul,  Carter,  and  Cosmo dyne 

LOX  Pump  Safety 


Page  2 


The  most  glaring  deficiencies  are  at  Burns  Harbor  which  has  neither  protective 
barriers  nor  a bearing  temperature  protection  system  and  which  puts  the  operator 
in  direct  view  of  the  pump  at  a distance  of  about  ten  feet  during  startup  and 
shutdown.  Action  on  the  bearing  temperature  system  is  being  initiated  by  A.  W. 
Norman  and  the  installation  of  protective  barriers  is  being  handled  by  H.  H. 
Master. 

For  the  slower  speed  (3600  RPM)  transfer  pumps  of  which  APCI  Operations  has  some 
23  in  service,  the  recommendations  were: 

1.  Installation  of  protective  barriers: 

Protective  barriers  of  single  sheet  corrugated  steel  should  be 
erected  around  all  stationary  LOX  pumps.  For  portable  units,  a sub- 
stantial shroud  type  shield  should  be  installed  around  the  pump  end 
to  afford  as  much  blast  protection  as  is  feasible. 

2.  Installation  of  suction  screens: 

Suction  screens  are  a must  on  all  LOX  pumps  with  a few  exceptions 
specifically  cleared  through  safety  and  all  available  records 
show  that  these  screens  have  already  been  installed. 

For  future  purchases  and  installation,  it  is  recommended  that  all  LCX  pumps, 
regardless  of  type  or  service,  be  installed  with  an  adequate  form  of  protective 
barrier  and  that  all  purchases  of  new  LOX  pumps  be  specified  with  super  safe 
parts,  as  the  additional  cost  for  these  on  original  orders  would  be  quite 
reasonable  (about  $130). 


pRifilNAL  SIGNED  ffit 


R.  D.  Stompler 


RDS/lmg 

(Retyped  September  25,  1972,  cju) 
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* cc:  L.  W.  Ball  J.  D.  Poe 

. W.  K.  Corey  W.  T.  Rector 

1 J.  M.  Geist  G.  W.  Robinson 

| H.  H.  Master  M.  H.  Vogel  - APL 

\ A.  W.  Norman  H.  E.  Wynn 
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Referring  to  the  writer's  memo  to  W.  J.  Scharle  of  January  26,  1971*  concerning 
Paul,  Carter  and  Cosmodyne  LOX  pump  safety,  all  five  (9)  high-speed,  high- 
pressure  LOX  pumps  now  in  service  by  the  APCI  Operations  Department  (all  Paul 
Mfg. ) have  been  provided  with  the  recommended  safety  barriers.  Bearing 
temperature  protection  systems  have  yet  to  be  installed  on  the  Burns  Harbor 
unit,  and  the  two  Lone  Star  machines.  The  necessary  equipment  for  these 
installations  is  presently  on  order  with  delivery  dates  of  U/23/71  and  3/12/71 
for  Burns  Harbor  and  Lone  Star  respectively.  (An  effort  is  being  made  to 
improve  these  delivery  dates.) 

Installation  of  the  systems  should  require  no  more  than  two  or  three  days 
each  and  will  be  performed  at  the  earliest  possible  opportunity. 

Completion  of  this  work  will  accomplish  all  of  the  recommendations  set  forth 
for  these  units  in  the  afore-referenced  memo. 


ORIGINAL  SIGNED  0% 
R.  D.  Stompler 

RDStrsb 


(Retyped  September  26,  1972,  cju) 
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AIR  PRODUCTS  AMD  CHf&tiCALS,  INC, 

Safety  Department 
WWS,  July,  1965 

SAFE  HANDLING  OF  REGULATORS  AND  TORCHES 


'The  use  of  regulators  is  required  in  many  application:,  where  the  use  pressure 
of  a fluid  or  gas  is  iower  than  the  supply  pressure.  In  the  metal  industry, 
oxygen  is  used  with  a fuel  gas  to  obtain  the  necessary  heat  to  cut  or  weld 
metals.  The  supply  of  gases  is  contained  in  cylinders  at  pressures  well  above 
the  use  pressures.  Oxygen  cylinder  pressures  may  be  as  high  as  2600  psig 
while  use  pressures  may  normally  be  up  to  60  psig.  Fuel  cylinder  pressures 
vary  with  the  type  of  fuel  gas  used  and  may  be  as  high  as  250  psig  and,  in 
some  cases,  to  2500  psig  while  use  pressures  may  normally  be  up  to  15  psig. 
Regulators,  therefore,  become  a vital  and  necessary  piece  of  equipment  in 
controlling  the  pressure  reduction. 


It  is  important  to  be  familiar  with  the  physical  properties  and  the  hazards  of 
the  gases  used  in  the  metal  welding  and  cutting  processes.  The  fuel  gas 
(acetylene,  hydrogen,  propane,  butane,  natural  gas,  end  others)  are  flammable 
when  mixed  with  the  proper  amounts  of  air  and,  under  controlled  conditions, 
can  be  handled  safely.  The  hazards associated  with  flammable  gases  are  fire 
and  explosion.  Oxygen,  although  nonflammable,  supports  combustion  and  reacts 
chemically  with  most  materials,  some  with  violence.  The  hazard  with  oxygen  is 
minimized  in  the  selection  of  materials  which  are  least  likely  to  react  vunder 
normal  use  conditions.  The  attached  Safety-Grams  cover  some  of  the  products, 
their  properties  and  safety  considerations,  that  are  used  in  the  or y- fuel 
system  for  metal  cutting  and  welding. 

Many  accidents  have  occurred  in  the  industry,  causing  injury  to  personnel  and 
destruction  of  property.  Most  of  the  accidents  involved  fire  or  explosion  of 


j^fi 


t 


the  oxygen  regulator,  chiefly  because  of  the  reuetivity  of  oxygon  vith  some 

of  the  materials  that  can  be  part  of  or  contaminate  the  system.  ‘Die  industry 

has  recognized  this  hazard  through  studies  extending  over  the  past  20  years. 

Results  of  these  studies  led  to  n n understanding  of  the  causer,  mid  the  design 

improvements  necessary  to  minimize  the  recurrence  of  the  accidents. 

\ 

Most  oxygen  regulator  accidents  occur  when: 

1.  An  empty  oxygen  cylinder  is  replaced  vith  a full  cylinder,  and  the 
cylinder  valve  is  opened  for  the  first  time. 

2.  The  torch  is  lighted  after  the  equipraent  has  been  standing  out  r**  service 
for  a period  of  time  with  the  equipment  under  pressure. 

3.  A pressure  adjustment  is  mt.de  at  the  oxygen  regulator  while  the  equipment 
is  in  service. 

The  causes  of  the  accidents  are: 

1.  Oil  and  grease  on  or  entering  the  inlet  connection  of  the  regulator  and 
the  oxygen  cylinder  valve  outlet. 

2.  Dust,  dirt,  and  scale  from  the  cylinder  or  cylinder  valve  entering  the 
regulator. 

3.  Faulty  regulators. 

« 

4.  Improper  operation  of  the  equipment. 

5.  Dici'egard  for  established  safety  regulations. 

6.  Inadequate  operator  training  and  inexperience. 


7.  Flammable  mixture  o''  oxygen  and  fuel  in  the  regulator.  hoses.,  and  torch. 

For  a fire  or  explosion  to  take  place,  it  is  necessary  to  have  three  elements 
present' — oxidant  (oxygen) > fuel,  and  the  means  of  ignition.  Almost  any 
material  is  fuel  in  an  oxygen  regulator — the  metal  parts,  the  seats,  etc.; 
however,  these  materials  have  high  ignition  temperatures  and  are  difficult  to 
ignite  initially.  Ignition  sources  take  the  form  of  open  flame,  high 
temperature,  impact  energy,  friction,  electric  spark,  and  static  spark.  The 
ignition  sources  possible  in  a regulator  fire  are: 

1.  Open  flame  from  the  end  of  the  torch  causing  propagation  of  the  flame 
back  to  the  regulator  if  a flammable  mixture  is  present  in  the  system 
and  under  static  or  extremely  low  flow  conditions. 

2.  Impact  energy  as  particles  of  dirt  or  scale  from  the  cylinder  which  enter 
the  regulator  and  strike  the  passage  walls  or  seat  area. 

3.  Friction  caused  by  high  velocity  flows. 

4.  High  temperature  caused  by  the  recompression  of  oxyg  n as  it  enters  a 
dead-end  passage  of  the  regulator  when  the  cylinder  valve  is  opened 
quickly.  It  is  possible,  theoretically,  for  temperatures  to  reach  as 
high  as  1700°  F.  during  this  recompression  period. 

Improvements  in  the  design  of  the  regulators  have  been  directed  towards 
minimizing  the  possibiiity  of  ignition  occurring.  Materials  selected  for  their 
ability  to  perform  must  have  as  high  an  autoignition  temperature  as  possible 
above  the  normal  use  temperatures  expected  in  the  regulator.  The  filters  at 
the  inlet  connection  end  at  the  regulator  seats  provide  protection  against 
impact  energies  by  sloijing  dirt  particles  from  entering  the  re,:.?j ator.  The 


filters  also  act  to  change  the  velocity  of  th<*  o;.y-.<n  and  rcdu*e  the  possibility 
of  heat  from  friction,  as  well  as  dissipate  any  heat  from  rcco:r  press  ion. 

The  manufacturer  of  the  regulating  equipment,  having  recognized  the  hazards, 
has  taken  steps  to  minimize  the  possibility  of  accidents  through  material 
selection,  addition  of  filters,  and  quality  control.  In  addition  to  this,  he 
has  published  instructions  which,  if  followed,  will  minimize  or  eliminate  the 
exposure  to  the  operator.  It  is  in  this  area  of  equipment  use  where  the  manu- 
facturer has  no  control  and  the  area  where,  after  investigation  of  accidents 
over  the  past  several  years,  a violation  of  basic  safety  rules  nay  have  been 
a contributory  cause  of  the  accident.  The  industry  has  been  instrumental  in 
the  establishment  of  safety  regulations  concerning  regulator  use  by  the  public. 
Some  of  these  publications  are  listed  below: 

1.  Compressed  Gas  Association  (CGA)  pamphlet  P-1,  ‘'Safe  Handling  of  Compressed 
Cases." 

2.  Various  publications  of  CGA  listing  the  properties,  hazards,  and  safety 
recomendations  of  various  gases  used  in  the  compressed  gas  industry. 

3.  American  Welding  Society’s  "Safety  in  Welding  and  Cutting"  (American 
Standard  Z*»9.l). 

4.  National  Fire  Prevention  Association  (KFPA)  bulletins  51  51B, 

"Welding  and  Cutting,  Oxygen— Fuel  Gas  Systems"  and  "Cutting  and  Welding 
Processes," “respectively. 

5.  Individual  instructions  packaged  with  each  piece  of  equipment  manufactured. 

6.  Welding  schools  conducted  by  some  nanufac*  orers  of  equipment-. 


Attached  ir.  a bibliography  of  readily  available  references  pertaining  to  safety 
in  handling,  use,  and  storage  of  compressed  gases  raid  related  equipment. 

Copies  of  operating  procedure  are  also  attached  and  are  typical  of  the  type 
instructions  the  industry  considers  necessary. 

The  aar.ufacturar  of  the  equipuent  has  the  responsibility  of  designing  safety 
into  his  product  and  providing  information  regarding  the  hazards  associated. 

It  is  the  responsibility  of  the  user  of  the  equipment  to  exercise  the  safety 
instructions  and  recommendations  of  the  aonufac turer . Training  and  communica- 
tion are,  therefore,  vital  in  minimizing  the  accident  potential. 

In  our  experience  of  the  past  several  years,  a violation  of  established  safety 

rules  was  contributory  to  the  accidents  reported.  Of  those  accidents  where 

a complete  investigation  was  made,  the  user  easily  recognized  where  his  action 

was  contributory  with  the  result  that  legal  action  c id  not  become  involved, 

although  personnel  were  injured.  The  likelihood  of  legal  action  increases 

« 

where  the  investigation  of  an  accident  is  not  made  immediately  following  the 
accident,  or  if  it  is  made  by  an  investigator  not  thoroughly  familiar  with  the 
equipment  involved. 

The  common  types  of  violations  of  safety  practices  on  the  part  of  the  user  are 
listed  as  a guide  in  the  investigation  of  accidents: 

1.  Not  checkir ; regulator  inlet  or  cylinder  valve  outlet  for  cleanliness 
before  making  connection. 

2.  Opening  the  oxygen  cylinder  valve  quickly. 

3.  "ct  releasing  regulator  adjusting  screw  before  opening  cylinder  valve. 
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U.  Maudlin;',  rCf.»J r Ur  and  cylinder  valve  ‘.nth  oily  ana  dirty  {'lover.. 

■j . Not  vent inp  hoses  prior  to  lighting  torch  to  remove  possible  H;un.r.ablo 
mixture  in  cysto*:i,  particularly  after  equipment  han  been  out  of  service 
for  a period  of  fire  with  oil  valves  set  at  service  positions. 

b.  Using  incorrect  pressures  for  the  equipment  in  use. 

7.  Using  equipment  which  is  faulty  or  the  incorrect  size  for  the  job  to  be 
done. 

8.  Attempting  to  repair  equipment  without  a thorough  knowledge  of  what  is 
required. 

yt-  ppinj  operations  for  the  day  without  completely  closing  all  valves  and 
vent  .WH  the  system. 

10.  Experience  and  training  of  operator. 

11.  Lighting  the  torch  from  an  open  flame  source. 


Other  general  points  to  consider  in  the  investigation  of  an  accident  are: 


1.  Condition  of  the  accident  area. 

a.  Crowded  working  conditions. 

b.  Poor  housekeeping. 

c.  Presence  of  oil,  grease,  and  other  flammable  materials,  including 
flammable  liquids  and  solvents. 


\ 
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2.  Adjacent  work  arcus  and  the  tyre  ol’  work  being  performed  ;m;i  the  possible 
effect  on  the  accident  area. 

3.  Attitude  of  management  towards  safety  programs  end  enforcement  of  rules. 

4.  Knowledge  and  experience  of  immediate  supervision. 

t 

5.  Safety  insti'uction  and  training  giver*  workers. 

The  following  specific  information  is  necessary  and  required  in  a report  of 

an  accident  investigation: 

1.  Date  and  time  of  accident. 

2.  Location  of  accident,  including  u.jue,  address,  and  responsible  persons  of 
customer. 

3.  Name  and  address  of  the  responsible  sales  activity  or  source  of  the 
equipment. 

4.  Equipment  involved,  including  serial  numbers,  manufacturer’s  name  and 
address,  date  of  purchase,  repair  or  installation,  and  extent  of  damage. 

5.  Personnel  involved,  including  names  and  addresses,  nature  and  extent  of 
injuries,  and  medical  attention  received. 

6.  Events,  circumstances,  or  conditions  just  prior  to  or  leading  up  to  the 
accident.  Include  service  history  and  maintenance  information  of 
equipment. 

7.  Description  of  the  accident. 

U.  Analysis  by  an  independent  laboratory  of  any  if  possible,  associated 

wills  the  accident. 
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Obtain,  if  possible,  statements  oi'  witnesses  to  or  peroon:,  involve*’  or 
associated  with  the  accident. 

10.  Obtain  photographs  of  equipment  damaged  or,  if  possible,  return  damaged 
equipment  for  thorough  examination. 

A basic  welding  or  cutting  outfit  consists  of  a fuel  supply  cylinder,  an 
oxygen  supply  cylinder,  a fuel  regulator,  on  oxygen  regulator,  interconnecting 
hose,  and  a cutting  or  welding  torch.  The  regulators  reduce  the  supply 
pressure  to  a usable  pressure  and  deliver  the  regulated  pressure  through 
individual  hoses  to  the  torch.  The  fuel  gas  and  the  oxygen  gas  are  united 
in  correct  proportion  in  the  torch  for  controlled  heat  necessary  to  perform 
its  function. 

A description  of  the  regulator  and  torch  components  of  an  outfit  will  lead  to 
an  understanding  of  its  operation,  design,  and  safety  consideration.  Acetylene 
is  considered  as  the  fuel  gas  for  this  discussion. 

The  following  line  diagram  or  flow  chart  shows  the  relationship  of  the  various 
components  to  each  other.  Of  particular  interest  is  the  possibility,  through 
a sequence  of  misoperation,  of  having  acetylene  en***r  the  oxygen  system  through 
the  torch  and  form  a flammable  mixture.  This  condition  usually  develops  when 
the  outfit  is  not  in  operation  and  with  all  valves  set  ready  for  service.  It 
would  be  necessary  for  both  torch  valves  to  be  leaking  and  the  oxygen  regulated 
pressure  to  be  at  a lower  pressure  value  than  the  acetylene  regulated  pressure. 
The-  torch  tip  must  be  obstructed  or  of  a small  enough  size  so  as  not  to  vent 
the  total  leakage.  If  the  total  pressure  in  the  oxygen  supply  cylinder  is 
also  lower  than  the  regulated  acetylene  pressure,  the  acetylene  will  transfill 
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to  the  oxygen  cylinder.  Under  reverse  conditions,  the  oxygen  can  flow  to  the 
acetylene  side  of  the  system. 

Correction  of  this  possible  source  of  flammable  mixture  can  be  controlled  by 
adding  a check  valve  on  the  hose  connection  ends  of  the  torch.  Any  reverse 
flow  of  gases  will  activate  the  check  valves  and  minimize  the  chances  of  a 
flammable  mixture  forming. 

This  condition  can  also  be  corrected  by  correct  operating  instructions.  Hie 
possibility  of  flammable  mixture  formation  is  lessened  if  the  equipment  is  in 
good  state  of  repair. 


REGULATORS 

Regulators  are  the  devices  used  to  reducf  the  high  pressure  supply  gas  to  a 
lower  use  pressure.  This  is  accomplished  by  the  action  of  springs  upon 
diaphragms  and  seats.  A means  is  provided  to  adjust  the  spring  compre'-uhwi 
manually  so  shat  the  outlet  pressure  may  be  varied  ts  meet  the  pressure 
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requirements  of  the  .pj<!  ie.'ti.i  >n.  HcpuJ.itor:  geneiM"1  l.y  ere  ;1<-'  ■ ..nod  to  ra ’Kc. 
the  pressure  reduction  in  either  one  or  two  sieves.  Tne  direction  of  pressure 
action  on  the  scat  may  be  direct  or  inverse,  or  a combination  of  both  in 
two- stage  regulators.  All  regulators  have  the  snrse  items  in  coesmon — high  and 
low  pressure  gauges,  seats,  nozzles,  springs,  diaphragms,  adjusting  screws, 
bodies,  high  and  low  pressure  covers,  and  various  surety  devices  to  prevent 
overpressurization  in  areas  of  the  regulator.  The  arrangement  of  there  items 
varies  with  the  design  by  different  manufacturers.  The  inlet  connections  to 
regulators  are  different  for  the  different  gases  handled  and  arc  generally  in 
agreement  with  CGA  standards  and  American  Standard  regulators.  The  purpose 
of  this  approach  is  to  prevent  connecting  a regulator  to  an  incorrect  compressed 
gas  supply.  Generally,  fuel  gas  regulators  have  left-hand  connections  while 
oxidants  and  inert  gas  regulators  have  right-hand  connections.  A standard 
has  been  established  which  states  the  oxygen  connection  may  not  be  used  for 
any  other  type  gas  to  avoid  the  possibility  of  serious  and  violent  reactions. 

The  outlet  connections  are  right-handed  for  oxygen  and  loft-handed  lor  fuel . 
Hoses  and  torches  are  provided  with  similar  connections. 

A.  The  following  illustration  is  of  an  inverse  type,  single-stage  regulator, 
that  is,  the  inlet  high  pressure  gas  acts  to  close  the  valve  assembly 
rather  than  to  open  the  valve  assembly.  When  the  adjusting  screw  is 
backed  outward  to  relieve  the  compression  in  the  adjusting  spring,  high 
pressure  from  the  supply  exerts  its  force, on  the  valve  assembly  and 
closes  the  v^Lve.  Placing  compression  on  the  spring  with  the  adjusting 
screw  forces  the  diaphragm  toward  the  high-pressure  side  and  transmits 
its  movement  to  the  pin  which  raises  the  valve  from  the  seat  and  allows 
gas  to  flow.  If  a valve  is  placed  on  the  outlet  side  of  the  regulator 
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and  clost*d,  pressure  will  build  up  on  the  diaphragm  in  tk-  rogulatoj 
until  it  equals  the  force  of  the  adjusting  spring.  \j:-r>  ih»-  forces  are 
equal,  the  high-pressure  valve  closes  to  stop  the  flow  ol  gas.  The  iorces 
are  unbalanced  again  when  the  outlet  valve  is  opened  end  J'iow  is  resumed. 


Note  the  filter  ot  the  inlet  connection  to  prevent  dirt,  sole,  ana 
other  suspended  particles  from  entering  the  passages  of  u.ic  regulator 
where  impacting  energy  could  cause  a reaction.  The  filter  around  the 
seat  serves  the  same  pxupose  but,  in  addition,  changes  the  velocity  of  the 
gas  to  the  regulator  valve  to  minimize  friction  heat  and  sets,  as  well,  as 
a heat  sink  for  any  heat  of  recompression  which  might  be  present. 

1.  Heat  of  recompression  is  possible  within  the  high-pressure  side  of 
the  regulator,  with  the  adjusting  screw  backed  off  (no  compression  on 
adjusting  spring),  when  the  supply  cylinder  valve  is  opened  quickly. 
The  in-rush  of  high-pressure  gas  compresses  the  existing  gas  in  the 
regulator  high-pressure  passage  and  raises  its  temperature.  Since 
the  passage  volume  is  small,  and  a filter  is  used  nrc-una  the  seat, 
the  heat  is  usually  dissipated  to  the  surrounding  area  and  does  not 
reach  ignition  temperature.  It  is  possible,  however,  for  small  dust 
particles  to  reach  ignition  temperature  under  these  conditions  and 
initiate  a fire.  If  ignition  does  take  place,  the  seat  is  consumed 
and  failure  of  the  seat  releases  the  full  volume  of  the  oxygen 
cylinder.  The  added  oxygen  rapidly  raises  the  t:ur.peratvie  of  the 
surrounding  regulator  parts  and  results  in  an  intense  fire  burning 
a channel  directly  through  the  low-pressure  side  and  through  the  case. 
When  the  burn- through  becomes  largo,  the  flow  of  oxygen  cools  the  area 
and  the  fire  in  the  regulator  usually  extinguishes  itself;  h. /-..r, 
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the  flew  of  oxygen  continue*.  ford  inf  external  arms  involved  in  the 
lire.  A fire  of  this  type  is  generally  classed  as  n seat- ignition 
fire  and  involves  the  entire  regulator. 

2.  Heat  of  friction  is  possible  when  the  regulator  is  set  for  service 
(adjusting  screw  set  for  pressure  regulation)  before  the  oxygen 
cylinder  valve  is  opened.  Upon  opening  the  oxy gen  cylinder  valve, 
the  high-pressure  gas  flows  immediately  to  the  Deu-pror.sure  side  and 
through  the  regulator.  The  pressure  reduction  takes  place  at  the  valve 
and  seat.  The  velocity  of  the  gases  in  this  ares  causes  heat  of 
friction,  along  with  valve  movement  which  contriovtos  to  the  total, 
heat.  If  the  heat  is  sufficiently  high , seat  ignition  takes  place 
resulting  in  a reaction  as  described  above. 

3.  On  regulators  not  equipped  with  inlet  or  seat  filters,  dust,  scale, 
oil,  grease,  etc.,  passing  along  with  the  high-pressure  oxygen  may 
develop  sufficient  energy  upon  impact  in* the  passages  of  the  regulator 
to  cause  them  to  reach  ignition  temperature.  If  the  glowing  particles 
lodge  on  the  seat,  seat  ignition  takes  piece  with  similar  damage 
previously  described.  If  the  glowing  particles  pass  through  the  scat 
and  lodge  in  the  low-pressure  side  of  the  regulator,  burn-out  occurs. 

If  the  seat  is  not  involved,  the  high-pressure  oxygen  flow  stops  upon 
failure  of  the  diaphragm.  Usually,  the  heat  is  sufficient  to  damage 
the  seat  and  allows  the  oxygen  flow  to  continue. 

4.  A low-pressure  side  fire  is  also  possible  when  a fuel  mixture  occurs 
in  the  system  during  periods  of  time  when  the  equipment  is  idle  but 
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all  valves  aiv  set  for  service  flows..  Uncor  c i ot'  faulty 

torch  conditions  and  high* »•  acetylene*  pressure  vs2v.es  than  oxygen 
pressures,  acetylene  car*  enter  and  acc umulate  in  the  oxygen  system 
through  the  torch.  Upon  lighting,  the  torch,  a b*ok  flash  occurs 
which  can  propagate  bach  to  the  oxygen  regulator.  The  severity  of  the 
reaction  is  dependent  upon  concentration  of  the  rdxtcre.  In  the  proper 
proportions,  it  can  be  explosive.  On  the  fuel-rich  mixtures,  the  lo-..- 
pressure  side  of  the  regulator  will  be  involved  in  a lire.  On  fuel-lcwn 
mixtures,  fire  nay  not  be  involved  and,  therefore,  little  or  no  damage 
to  the  regulator  occurs. 


If  the  oxygen  supply  cylinder  is  at  a lower  value  than  the  regulated 
acetylene  pressure,  and  under  the  same  conditions  as  listed  above, 
acetylene  may  possibly  be  transfilled  into  uhe  oxygen  cylinder.  Under 
these  conditions,  a reaction  may  propagate  back  through  the-  regulator 
and  into  the  cylinder. 


When  the  oxygen  regulator  is  removed  from  the  cylinder  and  still 
remains  in  service  setting,  it  is  possible  for  acetylene  to  back- 
flow  through  the  regulator  to  the  atmosphere.  Uuon  reconnecting  the 
oxygen  regulator  to  a cylinder  of  oxygen,  a reaction  is  possible  when 
the  oxygen  cylinder  valve  is  opened.  The  severity  of  the  reaction 
is  dependent  upon  the  concentration  of  the  flammable  mixture. 

i • 

5.  As  a resxfLt,  instructions  to  minimise  the  above  have  become  part  of 

the  safety  considerations  for  the  operation  of  oxy- acetylene  equipment. 
The  important  rules  directly  related  are  restated  below: 
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u.  Never  stand  in  front  of  a repul  a tor  when  ;-d, justing.  ensures 

or  opening  supply  cylinder  valves. 

b.  Always  open  oxygen  cylinder  or  high-pressure  cylinder  valves 
slowly. 

% m 

c.  Examine  regulator  inlet  and  outlet  connections  for  oil,  grease, 
and  other  contamination  before  making  connections.  The 
cylinder  valve  outlets  should  be  similarly  examined. 

d.  After  use  pressure  has  been  established  at  the  regulators  and 
before  lighting  the  torch,  vent  each  gas  separately  from  the 
equipment  through  the  torch  valves  to  remove  any  flammable 
mixture  which  might  be  present. 

e.  Always  close  all  valves,  release  regulator  adjusting  screws, 
and  vent  the  equipment  when  discontinuing  welding  operations. 

The  following  illustration  is  of  a two-stage  regulator.  The  reduction  of 

supply  pressure  to  use  pressure  in  two  steps  provides  better  flow 

characteristics  at  the  use  pressure  and  is  preferred  in  heavy  use 

applications.  Pressure  from  the  supply  source  acts  directly  on  the  seat 

% 

in  the  high  pressure  side  and  on  the  valve  in  the  low  pressure  side  of 
the  regulator. 

The  first  stage  of  reduction  is  controlled  at  a preset  value  (usually 
about  2'jO  psig)  by  the  tension  of  the  high  pressure  spring.  The  high  pres- 
sure seat  is  normally  open  until  the  supply  pressure  exerts  its  force  against 
the  dir.phrapm  and  the  high  pressure  spring.  When  this  happens,  the 
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compensating  f ''ring  nioveo  the  lever  urn  und  closes  the  seat.  Upon  turning 
the  adjusting  screw  and  compressing  the  low  pressure  spring.,  gas  flows 
from  the  intermediate  area  through  the  low  side  and  out  the  regulator. 

At  the  same  time  the  flow  starts  from  the  intermediate  side,  the  high 
pressure  spring  tension  is  eased,  causing  the  high  pressure  seat  to  open 
and  allow  more  supply  pressure  to  enter  the  regulator.  The  low  pressure 
is  the  adjustable  pressure  in  this  regulator  and  the  means  of  adjustment 
is  the  change  of  compression  in  the  low  pressure  spring  transmitting  force 
against  the  diaphragm  and  to  the  valve  through  the  valve  pin  in  a similar 
:.;cihod  as  described  for  the  single-stage  regulator. 

Fire  reactions  involving  heat  of  compression,  friction,  impact,  end 
oxygen-fuel  mixture  can  occur  in  a two- stage  regulator,  as  well  as  a 
single-stage  regulator.  The  type  of  regulator  does  not  change  the  potential 
hazards  involved. 

‘J'ORChKS 

Torches  are  the  apparatus  used  to  unite  the  regulated  oxygen  and  acetylene 
(fuel)  gases  to  form  a flammable  mixture  which  is  capable  when  ignited  of 
obtaining  temperatures  as  high  as  approximately  6300°  F.  At  these  temperatures, 
metal  may  be  cut  (burned)  or  welded. 

Torch  design  is  different  for  metal  welding  and  cutting  operations.  The 
welding  torch  consists  of  separate  shut-off  valve  for  oxygen  and  fuel  gas, 
tubes  to  carry  the  gases  to  a mixer,  and  single-holed  welding  tip,  all 
C'-hveruently  assembled  into  a handle.  The  cutting  torch  has  an  additional 
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shut -off  valve  and  tube  fur  currying  a separate  oa.w  < n stream  for  the  cutting 
operation  and  a multi-holed  cutting  tip.  The  mixing;  of  the*  gases  occurs  in 
flic  mixer  of  the  welding,  torch  and  in  the  head  of  the  cutting  torch. 

Various  sizes  of  welding  tips  and  cutting  tips  are  used  when  working  with 
different  thickness  metal.  * The  regulated  pressures  of  both  gases  vary  with 
the  tip  size  used.  Convenient  charts  are  supplied  by  the  equipment  manufacturers 
and  welding  societies  and  list  the  correct  tip  sizes  and  gas  pressures  to  be 
used  with  various  thickness  metals. 

There  are  several  recognized  hazards  associated  with  the  use  of  torches — 

1 *ckl‘ire  and  flashback.  A backfire  is  a momentary  retrogression  of  the  flame 
beck  into  the  tip,  resulting  in  extinguishment  of  the  flame.  The  principle 
cause  of  the  backfire  is  operation  of  the  torch  • 1th  incorrect  gas  pressures 
(usually  insufficient  pressures)  and  low  flows  which  allow  the  flame  to 
propagate  backward  into  the  tip.  A flashback  is  a retrogression  of  the  flame 
back  into  the  tip  or  mixer  without  the  extinguishment  of  the  flame.  It  is 
accompanied  by  a hissing  and  squealing  sound  and  a characteristic  smokey, 
sharp-pointed  flame.  Extensive  damage  can  be  done  to  the  torch  and  tip  if  the 
gas  flows  are  not  immediately  discontinued.  A flashback  is  caused  by  insufficient 
gas  pressures  and  flows  and  by  allowing  the  tip  to  become  hot  enough  to  ignite 
the  mixture  before  it  leaves  the  tip. 

Operating  a torch  with  faulty  valves,  improperly  tightened  mixers  and  tips  may 
ic:d  to  small  fires  at  the  various  leakage  points.  A torch  in  this  condition, 

P- rticularly  with  leaking  shut-off  valves,  during  periods  when  not  in  operation 
ray  permit  on  intermixing  of  gases  within  the  connecting,  hoses.  If  the  torch 
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is  1 i ghted  without  first  purging  the  hoses  of  a posnibtf  p Lxtui e by  ’Iterant ely 
opening  and  then  closing  each  torch  shut-off  valve,  flcn.e  propagation  may 
flash  back  to  the  regulator  and  cause  extensive  dau-igc. 
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Put  It  In  Writing 
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DATE  February  27.  19T0 

TO  All  Plant  Managers  SUBJECT  Oxygen  Flow  Meter  Ring  Seal  Fluid 

PROM  H.  H.  Master 


i 

i 

f 

* 


cc:  W.  L.  Ball 

T.  W.  Blankenship 
M.  H.  Hoisted 
G.  G.  Handley 
J.  M.  Norwood 


R.  D.  Paige 

V.  M.  Say 

W.  J.  Scharle 
H.  E.  Wynn 


Our  Sparrows  Point  facility  recently  almost  got  into  trouble  on  a Hagan 
oxygen  meter.  A recharge  of  ring  seal  fluid  had  been  ordered  using 
Hagan  Specifications  which  called  for  Alkazene,  Part  No.  RB-176.  Tom 
Blankenship  and  Stu  Vosburg  were  alert  enough  to  check  this  out  and 
found  Alkazene  is  not  compatible  with  oxygen. 
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Hagan  was  contacted  and  confirmed  that  the  parts  list  was  in  error  and 

our  particular  meter  was  supplied  with  Kel-F  which  is  oxygen  compatible. 

Kel-F  is  no  longer  available  and  future  charges  should  be  Halocarbon 

4— 11E  (E  indicates  oxygen  compatible  corrosion  inhibitor)  which  has  a 

specific  gravity  of  1.85. 

The  following  action  shall  be  taken  imnk-diately : 

1.  All  oxygen  meters  of  doubtful  fluids  shall  be  checked  imaediately. 
Generally  meters  with  more  than  UO  "H20  pressure  drop  across  the 
orifice  will  have  mercury  fluid  which  is  permis sable. 

2.  Check  all  vendors  literature.  If  Alkazene  is  mentioned  delete  it 
and  fill  it  in  properly. 

3.  Check  plant  stock  for  Alkazene  and  discard  if  it  is  in  the  facility. 
If  for  any  reason  it  is  needed  elsewhere  on  a meter  not  in  oxygen 
service,  label  it  as  not  to  be  used  on  oxygen  meters. 

U.  Post  a note  on  the  inside  of  the  oxygen  meter  instrument  case  in- 
dicating fluid  to  be  used  in  the  ring. 

5.  With  changes  of  fluid  it  will  be  necessary  to  request  services  of  a 
Hagan  m**"  on  pay  meters  for  recalibration  on  the  instrument. 
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♦ Original  signed  bx 
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| H.  H.  Master 

‘ HHMtlc 

(Retyped  September  2l,  1972,  cju) 
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' PUT  IT  IN  WRITING 

DATE  June  28.  1961 

TO  F.  Kitson  (5)  SUBJECT  Tests  of  Pressure  Gages  Safety 

, FROM  B.  Kehat Devices  — 87-0-3820 

cc:  Geist,  J.  M. 

; McKinley,  C. 


INTRODUCTION 


The  object  of  the  experimented  work  was  to  test  the  two  modifications  proposed  by  the 
Safety  Department  for  installed  pressure  gages.  These  modifications  are  a restrict- 
ing orifice  at  the  inlet  of  the  gage  and  a blow  out  plug  in  the  gage  casing. 

EXPERIMENTAL 


Four  "used”  gages  were  provided  by  the  Safety  Department,  all  four  were  made  by 
the  U.  S.  Gauge  Co. 

1.  0-5000  psig.  4-1/2"  dial.  Back  connection.  Plastic  front.  Two  3/4”  rubber 

\ relief  plugs  in  the  case.  This  was  the  only  gage  on  the  list  with  a fully 

threaded  front  flange. 

2, ?.  0-3000  psig.  4-1/2"  dial.  Bottom  connection.  Plactic  front.  No  safety  relief 

plugs.  1”  safety  relief  plugs  were  installed  in  these  gages. 

r 4.  0-10000  psig.  6"  dial.  Bottom  connection.  Glass  front.  No  original  safety 

relief  plug.  ln  safety  relief  plug  was  installed  in  the  gage.  The  gage  inlet 
contained  a threaded  plug  with  a 0.018”  orifice. 

The  flanges  on  the  last  three  gages  were  secured  by  two  screws  in  open  slots. 

The  Safety  Department  also  provided  adapters  that  contained  3/8”  lo'ig  capillaries. 

A & B were  made  from  capilliary  stainless  steel,  about  0.007"  it.  diameter.  C & D 
were  specified  at  0.0135"  but  when  measured  turned  out  to  be  0.0225”  in  diameter. 

The  four  gages  were  stripped  of  the  mechanism  and  dial  plate.  The  bourdon  tube 
was  opened  at  its  tip  and  was  thoroughly  cleaned.  Simulation  of  bourdon  tube  failure 
was  made  by  relief  devices  soldered  to  the  tip  of  the  bourdon  tube.  These  devices  were 
adapted  from  used  cylinder  valves.  Rupture  discs,  frangible  type,  with  a bursting 
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pressure  of  ll»00-l600  psig  were  used.  The  gages  were  tested  in  the  recently  con- 
structed ignition  testing  cell.  A short  (2* ) length  of  l/kw  line  connected  the  gage 
undergoing  tests  to  a full  nitrogen  cylinder  outside  the  cell.  A U000  psig,  cylinder 
pressure  gage*  was  connected  to  this  line. 

Surges  were  applied  by  fast  opening  and  closing  the  cylinder  valve.  Steady  pressure 
was  applied  by  opening  the  cylinder  valve  and  keeping  it  open,  usually  until  the 
rupture  disc  burst. 

RESULTS 


Test  Ho. 


1.  Gage  Ho.  1.  Capillary  A.  Steady  pressure:  after  3 seconds  rupture  disc 

burst  and  the  rubber  plugs  blew  off  at  the  same  tine  providing  adequate  relief. 

2.  Gage  Ho.  1.  Capillary  A.  (a)  1/2  second  surge:  no  reaction,  (b)  Steady 

pressure:  after  2-3  seconds  rupture  disc  burst  and  the  rubber  plugs  blew  off. 

3.  Gage  Ho.  1.  Capillary  C.  At  steady  pressure  build  up  to  1700  psig  in  five 

seconds.  Rupture  disc  burst  and  rubber  plugs  blew  out  at  the  sane  time. 

U.  Gage  Ho.  1.  Ho  Capillary.  At  steady  pressure,  pressure  built  up  to  1500 

psig  in  two  seconds  when  rupture  disc  burst.  The  rubber  plugs  were  in- 
advertently forgotten.  A much  sharper  noise  was  heard  this  tine  than  in 
the  previous  tests,  indicating  that  the  noise  was  masked  by  the  sound  of  the 
rubber  plugs  popping  off  in  the  previous  tests. 

5.  Gage  Ho.  1.  Ho  rapillary.  Disc  and  plugs  blew  at  1600  psig.  Only  the  sound 

of  the  plugs  blowing  off  was  heard. 

6.  Gage  Ho.  2.  Capillary  B.  Surges  at  800,  1500,  1800,  2000  psig  failed  to 

rupture  the  disc.  Fifteen  seconds  of  steady  pressure  failed  to  rupture  disc. 
The  pressure  was  bled  off.  Line  pressure  built  up  to  500  psig  from  back 
flow  from  the  gage.  Examination  of  disc  showed  a considerable  bulge  but  no 
rupture. 

7.  Gage  Ho.  2.  Capillary  B.  Steady  pressure  at  2200  psig  line  pressure.  After 

approximately  five  minutes  rupture  disc  burst.  Rubber  plug  and  plastic  window 
blew  off. 

8.  Gage  Ho.  3.  Capillary  D.  Surges  at  600,  1000,  lU00,  1800,  and  2000  psig 

(in  line)  did  not  rupture  disc.  Steady  pressure : after  5 seconds  disc  burst, 
blowing  off  safety  plugs  and  gage  window. 
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9.  Gage  Ho.  4.  Internal  orifice.  Steady  pressure:  after  less  than  one  second, 

rupture  disc  hurst  at  16G0  psig  in  line,  glass  window  blew  off  and  broke. 

10.  Gage  Ho.  4.  Plastic  window  was  substituted  and  flange  was  held  by  three 
screws  in  holes  instead  of  the  slots  that  allowed  movement  of  the  flange 
under  pressure.  Steady  pressure:  rupture  disc  burst  at  1800  psig  in  line. 
Rubber  plug  blew.  Window  did  not  blow  off. 

11.  Gage  Ho.  4.  Ho  rupture  disc.  Cylinder  was  provided  with  a pressure  regulator. 
Surges  up  to  100  psig  did  not  blow  off  the  rubber  plug.  Considerable  leakage 
from  the  flange  and  body  holes  was  observed. 

DISCWSSIOiK  OF  THE  RESULTS 


The  difference  between  the  gages  was  more  than  the  difference  in  the  safety  devices. 
The  internal  capillary  on  Gage  4 was  as  effective  as  the  tested  capillaries,  in  re- 
stricting flow.  Capillary  D oa  Gage  3 delayed  the  bursting  of  the  rupture  disc  more 
than  the  similar  capillary  C ox  Gage  4.  Capillary  B on  Gage  2 was  too  restrictive 
and  will  probably  considerably  increase  the  response  lag  on  gages.  It  would  also 
be  too  sensitive  to  minute  amounts  of  dirt  in  the  system.  In  this  pressure  range  a 
1"  bole  in  the  gage  casing  gave  adequate  relief  even  without  a capillary  restriction. 
For  higher  pressures  a restriction  would  probably  be  mere  useful. 


The  maximum  discharge  through  an  orifice  for  air  is: 


(1) 


0.533  C SP 

& 


(Perry,  p.  403) 


where 


W = flow  rate  lb/sec. 

Cv  = 0.6l  for  a sharp  edged  orifice 


s x l2  = 0.78  sq.  in. 

T = 540°B{  >TT * 23.2 

p a max.  desired  pressure  in  casing  ® 150  psig. 


W = 2.1  lb/sec. 
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At  3000  psig  approximate  maximum  air  flow  rate  through  an  oversized  bourdon 
tube  O.U"  i.d.  can  be  calculated  from  the  equation  1,  assuming  a contraction 
ratio  of  5 between  pipe-bourdon  diameters. 


Here  S 

and  P 

W 


* -^IL-  x O.U2  . 0.126  in2 
= 3000  psig 

* 8.7  lb/sec.  more  than  the  capacity  of  the  relief  hole 
in  the  casing. 


The  approximate  maximum  size  of  restriction  that  will  prevent  pressure  build 
up  of  more  than  150  psig  in  the  casing  can  be  calculated  from  the  relation  (2). 

2 2 

(2)  a Dg  P2  derived  from  equation  1. 

where  a casing  hole  diameter  - 1" 


Dg  a max.  size  of  restriction 

PjL  * casing  pressure  - 150  psig 

Pg  a line  pressure  - 3000  psig 

D2  • 5l  l2  - X l2  = 0.05 

p 3000 

f2 

Dg  » 0.22" 

A restrictive  .0225"  will  give  adequate  ->rotection  with  a considerable  safety 
factor,  without  increasing  the  response  tir  of  the  gage. 

CONCLUSIONS 


1 


A restrictive  capillary  .0225"  in  diameter  in  combination  with  a 1"  hole  in 
tht  casing  will  give  adequate  protection  fcr  bourdon  tube  rupture. 
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Gage  front  flanges  should  have  a stronger  fastener  to  the  casing  than  the 
screw  in  slot  type  of  fastener,  and  preferably  be  fully  threaded. 
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PUT  IT  IN  WRITING 


TO:  Distribution 

PROM:  F.  K.  Kitson  - Safety  Department 


Date:  August  2,  1961 

Subject:  Summary  of  Action  Taken  on 

Pressure  Gauges 


Following  an  accident  at  Granite  City  which  resulted  in  injuries  to  two 
personnel  when  a pressure  gauge  bourdon  tube  ruptured,  pressure  gauge 
specifications  and  existing  pressure  gauges  have  been  reviewed  to  determine 
what  action  is  necessary  to  provide  adequate  safety  features  in  the  gauges. 
The  results  of  this  survey  are  listed  below  to  inform  the  distribution  of 
the  corrective  action  to  be  taken  on  existing  gauges. 

A.  Four  and  one-half  Inch  Gauges  and  Larger 

1.  All  gauges  being  purchased  will  comply  with  existing  standards 
i.e.  plastic  crystals,  solid  fronts  and  romplete  blowout  backs 
on  all  ranges  of  positive  or  vacuum  gauges.  Gauges  supplied 
with  vendors'  packaged  equipment  will  be  required  to  meet  the 
above  standards.  Any  deviations  must  be  obtained  from  the 
Safety  Department  in  the  event  that  special  gauges  sure  required 
which  do  not  comply  with  the  standards. 

2.  All  existing  gauges  shall  be  modified  as  follows: 

a.  All  existing  gauges,  regardless  of  pressure,  shall  be 
provided  with  plastic  crystals.  Safety  glass  is  not 
considered  an  acceptable  substitute. 

b.  A restrictive  orifice  shall  be  installed  on  the  gauge 
socket  and  blowout  plug  (grommet)  shall  be  provided  in 
the  gauge  casing  as  shown  below: 


Range 

Restrictive  Orifice 

Blowout  Plug 

0-100  PSIG  & Vacuum 

None 

(Minimum) 

3/4" 

0-500 

None 

1" 

0-1,000 

.05" 

1" 

0-5 ,000 

.05” 

(2)  3/4" 

0-10,000 

.05" 

(2)  1" 

NOTE:  Blowout  plugs  may  be  obtained  from  Manning, 

Maxwell,  and  Moore,  Stratford,  Connecticut. 

It  is  possible  the  Spare  Parts  Department 
will  stock  the  plugs  at  a future  date.  It 
is  anticipated  that  the  restrictive  orifices 
will  be  stocked  by  the  Spare  Parts  Department 
in  the  near  future. 

Gauge  sockets  should  be  examined  carefully  to  determine  if 
a restrictive  orifice  has  been  provided  by  the  manufacturer. 
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The  below  listed  precautions  should  be  observed  while 
reworking  gauges: 

(1)  All  gauges  shall  be  removed  from  service  when 
drilling  casing  for  blowout  plug. 

(2)  Blowout  plugs  shall  be  tested  for  ease  of  release. 

After  drilling  hole  for  blowout  plug,  knock  off 
burrs  from  inside  of  casing, 

(3)  Blowout  plugs  shall  be  located  such  that  clearance 
is  provided  for  the  plug  to  relieve. 

c.  All  crystal  retainer  covers  which  are  held  on  the  gauge 
case  by  screws  in  slots  shall  be  drilled  and  secured  with 
metal  threading  screws. 

d.  All  manifold  gauges  in  cylinder  filling  rooms  should  be 
locate*  above  eye  level;  a height  of  six  feet  four  inches 
above  the  floor  level  is  suggested  to  standardize  where 
possible. 

e.  All  test  gauges  for  cylinder  filling  shall  have  a minimum 
range  of  4,000  psi  for  existing  gauges,  or  5.000  as 
required  by  recent  standard  for  purchasing  gauges. 

B.  Two  Inch  to  Three  and  one-half  Inch  Instrument  Transmitter  Output 
Gauges  and  Three  and  one-half  Inch  Main  Panel  Board  Indicating 
Controller  Gauges. 

The  max'.mum  pressure  that  can  be  admitted  to  these  gauges  is  the 
output  of  the  instrument  compressor,  approximately  100  psig.  This 
pressure  could  damage  the  bourdon  tube  to  make  the  gauge  inoperative 
but  a safety  factor  is  provided  to  prevent  rupture.  Therefore,  these 
gauges  are  acceptable  as  manufactured. 

C.  One  and  one-half  Inch  to  Two  and  one-half  Inch  Gauges 

1.  K-G  welding  gauges  (above  1,000  psi)  are  approved  by  the 
Underwriters'  Laboratories  and  have  restricting  orifice  on 
the  inlet  to  the  bourdon  tube  in  addition  to  a pressure 
relieving  area  at  the  point  of  entry  on  the  gauge  socket  into 
the  casing.  These  gauges  are  therefore  approved  as  fabricated. 

2.  U.  S.  Gauges  under  1,009  psi  have  been  tested  and  on  the  basis 
of  these  tests  are  approved. 

3.  Gauges  in  this  category  which  are  not  included  under  Item  No. 

1 or  2 above  will  be  evaluated  individrally  to  determine  what 
action  is  necessary.  The  quantity  of  gauges  in  this  category 
represent  a very  small  percentage  of  the  total  number  of 
existing  gauges  and  therefore  should  not  present  a problem  in 
an  Individual  review. 
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D. 


Full  Case  Recorders  with  Full  Process  Pressure  Piped  Inside  the  Case 
(Pressure  Recorders  and  Controllers ) 


All  recorder  window  crystals  shall  be  plastic, 
considered  an  acceptable  substitute. 


Safety  glass  Is  not 


If  there  is  any  question  as  to  the  course  of  action  to  be  taken  in  connection 
with  modifications  of  existing  gauges,  please  contact  the  writer. 


ORIGINAL  SIGNEO  BY 
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PUT  IT  IN  WRITING 


Date:  January  19*  1971 


TO:  Distribution  Subject:  Nash  Vacuum  Pumps 

FROM:  F.  K.  Kitson 


Distribution: 


A.  Arseneaux  - New  Orleans 
P.  Bunnell  - Iselin 
F.  E.  Cody  - La  Porte 
J.  Conville  - Boston 
R.  Everson  - Chicago 
D.  Harris  - Middletown 
P.  Kmetz  - Camden 


L.  Lidolph  - South  Bend 

R.  McVicker  - Rochester 

S.  Myers  - Memphis 

H.  Noffke  - Kansas  City 

A.  Pope  - Bladensburg 
J.  Seier  - Omaha 

B.  Winters  - Muscle  Shoals 


cc:  IGD  Regional  Engineers 

M.  R.  Hillegass 
P.  F.  Newman 
G.  A.  Timberlake 


Due  to  problems  encountered  in  water  carry-over  into  cylinders  from 
Nash  vacuum  pump  systems,  the  attached  IGD  sketch  #1112,  Rev.  12/28/70, 
has  been  prepared  for  each  facility  provided  with  a Nash  vacuum  pump  to 
modify  the  vacuum  piping  system  and  completely  eliminate  the  possibility 
of  water  carry-over.  In  addition  to  the  potentially  serious  problem  of 
water  entering  medical  cylinders , particularly  "D’s"  and  "E's" , our 
Special  Permit  #4779  for  visual  inspection  of  cylinders  is  based  on 
maintaining  the  cylinders  dry  and  filling  with  a dry  gas. 

Please  advise  me  when  the  vacuum  system  has  been  modified  to  comply 
with  the  attached  sketch. 


ORIGINAL  SIGNED  fitt 


P.  K.  Kitson 
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W.  L.  Ball 


Hose  Connector  Accident  - Granite  City 


cc$  L.  R.  Mann 
H.  H.  Master 


An  incident  that  occurred  this  past  week  at  Granite  City  again  points 
up  the  undesirability  of  using  a hammer  on  the  liquid  transfer  hose 
lugs  to  insure  a tight  coupling.  A brass  hammer  was  being  used  at 
Granite  City  to  pound  the  lugs  to  accomplish  the  final  tightening.  A 
chip  vas  knocked  from  the  edge  of  the  hammer  and  shattered  the  left 
lens  of  the  loader's  safety  glasses.  The  impact  of  the  chip  was 
sufficient  to  poke  a hole  in  the  center  of  the  lens  as  well  as  to  dis- 
lodge the  inner  corner  of  the  lens  from  the  frame.  Undoubtedly  blindness 
would  have  occurred  if  the  man  had  not  been  wearing  safety  glasses. 

The  field  reports  that  flying  chips  from  the  hammer  used  in  this  manner 
are  not  uncommon,  and  a visual  inspection  of  the  hammer  in  question 
indicates  the  validity  of  this  contention. 

The  use  of  a wrench  that  originally  was  designed  at  Creighton  (I  believe 
by  Phil  Elson)  will  accomplish  several  objectives: 

1.  Although  the  wrench  utilizes  the  lugs  on  the  hose  connector,  the 
lugs  will  rot  be  deformed  to  any  great  degree. 

2.  Being  designed  as  an  impact  wrench,  a suitable  hammer  can  be  used 
which  will  help  to  eliminate  the  possibility  of  flying  chips. 

3.  As  reported  by  the  people  at  Ashland,  with  frequent  changes  of 
gaskets,  using  the  wrench  to  hand  tightness  gives  sufficient  tight- 
ness to  avoid  leakage,  thus  eliminating  the  use  of  the  manner 
altogether. 

It  is  therefore  recommended: 

1.  That  wrenches  be  supplied  at  all  loading  f acili ties,  and  suitable 
hammers  be  provided  in  the  event  their  usage  is  necessary  to  avoid 
leakage. 

2.  The  usage  of  the  hammer  of  the  type  used  at  Granite  City  be  in- 
vestigated immediately,  as  it  appears  that  the  metal  is  too  brittle 
for  such  service.  The  hammer  is  identified  by  the  words  “AMPCO 
H-14". 


Original  Signed  By 
W.  L.  Ball 


WLB:dt 


Re-typed  June  5»  1972 
kfq 
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Date  December  15.  1967 

To  See  Distribution  Subject  Hear  Miss  Accident  - 

From  M.  H.  Hubbs Granite  City  Facility 

Distribution ; Allegheny-Midvestern  Region  Plant  Managers 
Eastern  Region  Plant  Managers 


cc: 


W.  L.  Ball 
D.  L.  Fox 
M.  H.  Halsted 
A.  L.  Hatley 

F.  A.  Iobst 
H.  H.  Master 

G.  C.  Misus 
J.  L.  Stief 

W.  T.  Straughan 


Generally,  a letter  or  a memo  from  this  office  brings  bad  news. 

We  are  most  happy  .o  report  that  Fred  Reed  of  the  Granite  City  Facility 
had  the  sight  in  his  left  eye  saved  because  he  was  wearing  his  safety 
glasses . 

Fred  was  using  a brass  hammer  to  tighten  a transfer  hose  fitting  on  the 
rear  of  a trailer.  A piece  of  the  metal  from  the  hammer  broke  off  striking 
the  left  lens  of  his  safety  glasses.  Needless  to  say,  the  left  lens  was 
shattered.  Fred  was  not  injured.  This  could  very  well  be  one  of  the  best 
Christmas  presents  Fred  will  receive. 

We  strongly  urge  you  to  post  this  letter  on  the  bulletin  board  for  all 
employees  to  read. 

We  will  distribute  the  goggles  worn  by  Fred  to  each  plant  where  they  may 
be  displayed  for  a short  period  of  time. 

We  are  applying  to  the  Wise  Owl  Club  of  America  for  the  appropriate 
certificate  of  membership  for  the  employee. 

QPIGINAL  SIGNED  BX 


M.  H.  Hubbs 


MHH:ch 

(Retyped  9/26/72  db) 
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TO : Dist  ribut  ion 


Date:  February  8,  1971 
Subject : Near  Miss 


FROM:  H.  H.  Master 


Bums  Harbor 


Distribution: 


W.  L.  Ball 
W.  K.  Corey 
M.  H.  Halsted 
F.  A.  Iobst 
F.  K.  Kitson 
W.  J.  Scharle 
R.  E.  Wynn 


On  2/5/71  at  approximately  2:30  p.m.  the  Burns  Harbor  facility  had  a 
near  miss  incident  in  the  loading  area. 

A new  assistant  operator,  K.  Gumz  (hired  12/9/70),  was  working  with 
operator  R.  Short  on  loading  LOX  tanker,  number  5007.  When  it  was 
almost  full  R.  Short  left  the  area  to  check  on  the  hydrogen  plant  and 
when  he  passed  the  front  of  the  tractor  he  removed  the  flags.  He  in- 
tended to  return  almost  immediately  to  the  area. 

In  the  meantime  K.  Gumz  proceeded  to  hook  up  trailer  3923  and  the  driver 
approached  5007  with  intentions  of  pulling  away.  He  waved  to  K.  Gumz 
and  asked  if  it  was  ready.  K.  Gumz  waved  back  but  stated  he  did  not 
hear  the  driver  say  anything.  Apparently  the  wave  was  presumed  by  the 
driver  as  an  approval  on  pulling  away  and  the  loader  only  intended  it 
as  a greeting. 

The  driver  started  to  pull  out  and  K.  Gumz  ran  forward  and  managed  to 
stop  him.  The  line  was  still  hooked  up  and  the  loading  valve  was  open. 
However,  the  tractor  was  stopped  before  any  lines  were  broken  although 
the  system  was  distorted  about  15"  from  the  normal  position. 

Fault  was  actually  with  all  individuals  involved.  The  flag  should  not 
have  been  removed  before  the  line  was  disconnected.  The  loader  should 
have  had  positive  agreement  with  the  driver.  The  driver  should  have 
made  a complete  circuit  of  the  unit  before  pulling  away. 

The  old  Fleet  Safety  Manual  states,  "Prior  to  starting  the  tractor  en- 
gine the  driver  shall  make  a complete  circuit  of  the  trailer  to  insure 
the  transfer  line  is  disconnected,  electric  grounds  removed,  wheel  chocks 
removed  and  stored  in  proper  location  and  compartment  doors  closed  and 
latched.  Note:  Failure  to  disconnect  a transfer  hose  prior  to  moving 

a trailer  shall  be  considered  a serious  infraction  of  safety." 

The  new  Fleet  Safety  Manual  states,  "Note:  When  loading  liquid  trailers, 

failing  to  disconnect  fill  hose  when  driving  away  from  loading  station 
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is  cause  for  disciplinary  action." 

POM  1.17  states,  "A  warning  flag  on  a stand  is  to  be  kept  in  front  of 
the  tractor  or  trailer  as  long  as  the  transfer  hose  and  electrical 
ground  are  connected  to  the  trailer.  Before  moving  from  the  loading 
point,  the  equipment  must  be  circled  to  ensure  that  all  is  clear  and 
hose  is  disconnected.  The  flag  can  then  be  removed,  and  the  trailer 
pulled  from  the  spot." 

W.  Corey  is  giving  Operations  personnel  involved  a verbal  reprimand. 
Drivers  are  now  to  put  keys  in  loading  shanty  so  they  must  check  with 
the  loader  before  leaving. 


0MGINAL  SIGNED  BY 


H.  H.  Master 


HHM:dka 


aba) 


(Retyped  9/26/72 
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Manufacturing  Chemists  Association 


MCA  Case  History  No.  82U 
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PUT  XT  IK  WRITING 


Date:  June  b,  1968 

TO:  See  Distribution  Subject:  Near  Miss  Accident  - Creighton 

FROM:  M.  H.  Hubbs 


Distribution:  Allegheny  Region  Plant  Managers 

Eastern  Region  Plant  Managers 
Midvest  Region  Plant  Managers 
W.  F.  Cunningham 


cc: 


W.  L.  Ball 
J.  H.  Colby 
W.  L.  Ent 
P.  A.  Elson 
H.  H.  Master 
W.  T.  Straughan 
H.  E.  Wynn 


Attached  is  a report  of  a near  miss  accident  which  toe*  place  in  the 
Creighton  cylinder  fill  plant. 

This  information  is  to  be  used  in  one  of  your  future  safety  meetings. 


ORIGINAL  SIGNED  Bffi 
M.  H.  Hubbs 


MHH:c 
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NEAR  MISS  ACCIDENT 


Creighton  - May  18,  1968 

May  18,  1968,  on  the  12:00  midnight  to  8:00  a.m.  shift  a near  miss 
accident  took  place  on  one  of  the  oxygen  cylinder  fill  racks  at 
Creighton. 

All  cylinders  on  the  rack  had  been  filled  to  2650  psig  at  95°F*  The 
Paul  Pump  was  shut  down;  all  block  valves  closed.  All  cylinder 
valves  were  closed  except  the  last  cylinder*  No.  1 on  the  sketch,  of 
one  rack.  The  safety  disc  on  the  last  cylinder  ruptured  before  the 
cylinder  valve  could  be  closed. 

The  force  of  the  escaping  gas  caused  the  cylinder  to  break  loose  from 
the  pigtail  and  to  cause  the  adjacent  cylinder  in  No.  2 spot  to  break 
loose  from  its  fill  line. 

Examination  of  the  frangible  disc  assembly  revealed  the  following: 

1.  The  safety  nut  had  several  marks  on  it  indicating  it  had  been 
struck  by  a wrench  or  other  object  on  possibly  more  than  one 
occasion. 

2.  The  end  of  the  safety  nut  (No.  3 on  the  sketch)  which  blew  out 
was  not  a new  break.  The  face  of  the  nut  indicated  it  had  been 
bumped.  There  were  hairline  cracks  across  the  face  (No.  3 on 
sketch)  of  the  nut.  When  the  frangible  disc  ruptured,  the 
pressure  completed  the  old  break . This  accounted  for  the  thrust , 
the  movement  of  the  cylinder,  and  the  pigtail  breaking.  The 
escaping  gas  did  not  diffuse  through  the  four  holes  in  the  cap 
but  followed  the  line  of  least  resistance. 

3.  Examination  of  the  safety  disc  indicated  exposure  to  the  elements 
causing  discoloration.  Whether  corrosion  was  involved  is  unknown. 
Since  the  disc  did  break,  it  can  be  assumed  that  it  was  probably 
damaged  when  No.  2 above  occurred. 

H.  The  back-up  washer  appears  to  be  in  good  condition. 


Recammendat ion 


1.  As  visual  inspections  are  made  of  cylinders,  the  frangible  disc 
assembly  must  be  carefully  examined  for  cracks , dents , or  out 
of  shape.  When  obvious  damage  is  found,  the  entire  frangible 
safety  device  assembly  should  be  replaced. 


MHHubbs : c 
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MODIFICATION  TO  EXISTING  SNUBBER 

PRESSURE  GAUGES 


1.  PURPOSE 

This  standard  provides  the  necessary  data  for  the  manufacture  of  a 
snubbing  device  (restrictive  orifice)  intended  for  use  in  the  in- 
stallation of  pressure  indicating  equipment. 

The  snubbing  device  shall  be  installed  at  the  inlet  gauge  socket  to 
limit  the  volume  of  gas  in  the  event  of  a bourdon  tube  rupture. 

2.  SCOPE 

AH  gauges,  four  and  one-half  inch  and  larger,  being  purchased,  will 
comply  with  the  Design  Engineering  Standard:  Pressure  Indicators  - 

531.2;  i.e.  there  shall  be  plastic  crystals,  solid  fronts  and  blow- 
out backs  on  all  ranges  of  positive  or  vacuum  gauges. 

3.  SNUBBER 


A restrictive  orifice  (snubber)  shall  be  installed  on  the  gauge  socket 
of  all  existing  gauges  (four  and  one-half  inch  and  larger)  which  do  not 
comply  with  the  existing  standard. 

The  snubber  shall  be  provided  as  shown  below: 

Range  Restrictive  Orifice 


0 - 100  Psig  & Vacuum 

None 

0-500  Psig 

None 

0 - 1000 

0.05 

0 - 5000 

0.05 

0 - 10,000 

0.05 

Gauge  sockets  should  be  examined  to  determine  if  a restrictive 
orifice  has  been  provided  by  the  manufacturer. 

Two  sizes  of  Restrictive  Orifice  Snubbing  devices  are  covered  by 
this  standard.  Part  I is  for  pressure  ranges  up  to  and  including 
800  PSIG,  manufactured  of  Stainless  Steel  for  1/2"  NPT  connections. 

Part  II  is  for  pressure  ranges  of  1000  PSIG  through  to  and  including 
10,000  PSIG,  manufactured  of  Stainless  Steel  for  1/2"  NPT  connections. 

Included  as  a part  of  this  standard  are  the  raw  material  and  finished 
part  Material  Code  Numbers  which  are  intended  to  be  used  for  the  pur- 
pose of  identification. 
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I.  PURPOSE 


To  establish  a standard  procedure  that  consolidates  general  rules 
for  handling  and  transferring  cryogenic  liquids  and  advises 
personnel  on  maintenance  and  safety  rules  that  apply  to  various 
types  of  containers,  piping,  and  transfer  equipment. 


II.  RESPONSIBILITY 

All  APCI  personnel  are  responsible  for  compliance  with  these 
procedures,  for  monitoring  the  activities  of  other  people,  and 
for  training  unfamiliar  personnel  in  handling  procedures.  In 
those  rare  cases  where  outside  personnel  are  required  to  handle 
cryogenic  liquids,  to  work  in  storage  areas,  or  to  perform  main- 
tenance on  or  near  storage  equipment , the  management  personnel 
at  the  facility  or  field  location  are  responsible  for  training 
these  people  before  authorizing  them  to  work. 


III.  PROCEDURE 

A.  General 

1.  Only  trained  persons  who  are  familiar  with  the  properties 
of  cryogenic  liquids  shall  be  permitted  to  use  and  handle 
them.  These  people  must  be  knowledgeable  and  skilled 

in  the  use  of  particular  types  of  cryogenic  liquid  handling 
equipment.  So.^e  properties  of  various  cryogenic  liquids 
are  outlined  on  pages  U through  8 of  the  pocket-sized 
"Operations  Safety  Manual."  More  details  are  included 
in  Safety  Grams  51  through  55C,  located  in  the  Operations 
Department  "Safety"  binder. 

2.  All  transfer  lines,  connections,  tools,  fittings,  containers, 
and  associated  piping  and  equipment  must  be  kept  in  good 
condition  and  replaced  as  necessary. 

• 

3.  Transfer  hoses  must  have  dust  caps  in  place  and  be  stored 
properly  when  not  in  use. 

U.  The  extremely  cold  temperatures  associated  with  cryogenic 

liquids  put  a limit  on  the  materials  usable  for  this  service. 
Ordinary  carbon  steels  lose  their  ductility  and  are 
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considered  too  brittle  for  service  at  cryogenic  temp- 
eratures. Some  suitable  materials  are  stainless  steel, 
copper,  copper-silicon  alloys,  aluminum.  Monel,  and  some 
brasses  and  bronzes.  If  materials  or  parts  similar  to 
original  equipment  are  not  available  for  repairs,  replace- 
ment, or  modifications,  or  there  is  some  question  about 
properties  of  materials  at  low  temperatures,  the 
Operations  staff  offices  shall  be  contacted  for  clearance 
or  instructions. 

Liquid-to-gas  expansion  ratios  vary  with  different  products. 
Depending  on  the  product,  volume  expansions  are  800  or  900 
to  1 when  liquid  is  vaporized  to  gas  and  heated  to  ambient 
temperatures.  All  pipelines  or  vessels  in  which  liquid  can 
be  trapped  must  have  safety  relief  devices  to  prevent  over- 
pressuring and  possible  rupture. 

6.  Warm  vessels  or  containers  being  filled  with  cryogenic  liquids 
shall  be  cooled  gradually  to  prevent  thermal  shock,  which  could 
damage  equipment  and  cause  possible  injury  to  personnel. 
Excessive  splashing  could  also  result  from  transferring 
liquid  1 >o  rapidly. 

7*  Chemical  goggles  and  approved  gauntlet  gloves  must  be  worn 
when  handling  cryogenic  liquids  or  performing  transfer 
operations. 

8.  Throwing  solids  or  liquids  into  cryogenic  liquids  for  the 
purpose  of  watching  the  effect  shall  not  be  permitted.  The 
violent  boiling  action  could  cause  liquid  to  spray  onto 
persons  or  equipment. 

9.  Prolonged  breathing  of  cold  vapors  must  be  avoided.  Serious 
illness  can  result.  Some  products  are  also  asphyxiant j. 
Precautions  are  explained  in  III,  B. 

10.  Cryogenic  liquids  in  contact  with  the  skin  for  relatively 
short  periods  of  time  can  cause  b'irns.  Burns  will  also  result 
from  extended  contact  with  uninsulated  pipes  cr  vessels  that 
contain  cryogenic  liquids. 

11.  In  the  event  of  thermal  burns  of  the  skin,  the  affected  area 
should  be  flushed  with  copious  amounts  of  water  to  reduce 
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freezing  of  3kin  tissue.  The  injury  should  be  treated  by 
a physician  as  soon  as  possible. 

12.  Safety  valves  and  rupture  discr  shall  be  piped  with  a warmup 
loop  sufficient  to  prevent  water  from  condensing  or  freezing 
in  these  safety  devices.  Valves  in  outside  service  should 
be  covered,  have  their  discharges  manifolded,  or  have  pipe 
stubs  installed  in  their  discharge  ports  to  prevent  rain 

and  snow  from  corroding  or  freezing  internal  parts,  rendering 
the  devices  inoperative.  Outlets  piped  to  the  atmosphere 
shall  not  discharge  in  areas  where  personnel  would  be  subject 
to  sprays  of  liquid.  Oxygen  safety  valve  discharges  may 
not  be  manifolded  with  those  from  other  safety  valves. 

Oxygen  entering  piping  that  might  be  contaminated  could 
result  in  a fire  or  energy  release.  Refer  to  procedure 
6.02,  Safety  Valves  and  Rupture  Discs,  for  details  on  these 
devices. 

13.  Steam  or  hot  water  should  be  used  to  thav  frozen  equipment. 
Frozen  valves  should  be  thawed  by  directing  the  warming 
medium  on  the  valve  bonnet  and  on  the  extension  below  the 
packing  nut.  If  steam  or  hot  water  is  directed  to  the  packing 
nut,  the  packing  nut  may  freeze,  rendering  the  valve  in- 
operative. 

lU.  A liquid  transfer  line  shall  always  be  drained  before 
disconnecting  it. 

15.  It  is  prohibited  to  hammer  a hose  connection  during  transfer. 
If  connections  leak,  the  transfer  must  be  stopped  and  the 
bleed  valve  opened  or  the  line  drained  before  the  fitting  can 
be  tightened. 

B.  Safety  Considerations  With  Asphyxiants 

1.  Except  for  oxygen,  all  liquid  products  handled  will  vaporize 
into  asphyxiating  gases.  The  most  common  products  are 
nitrogen,  argon,  and  hydrogen.  Personnel  must  be  familiar 
with  their  properties. 

2.  High  concentrations  of  escaping  gas  shall  not  be  allowed  to 
accumulate  in  enclosed  areas.  Whenever  possible,  work 
shall  be  done  in  open  or  sufficiently  ventilated  areas.  If 
there  i3  any  doubt  about  the  safety  of  the  breathing 
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atmosphere  in  a particular  area,  the  area  shall  be  sampled 
vith  an  approved  oxygen  analyzer  (sniffer).  No  one  is  to 
enter  or  remain  in  an  atmosphere  containing  les3  than  18 
percent  oxygen. 


C.  Safety  Considerations  with  Oxygen 

1.  Oxygen  is  nontoxic  and  will  not  burn,  but  it  does  support 
combustion.  Pure  oxygen  can  increase  combustion  rates 
greatly  or,  in  the  case  of  some  materials  if  mixed  with  oils 
or  grease,  can  react  violently  when  energy  or  an  ignition 
source  is  applied  to  the  mixture. 

2.  There  is  to  be  no  smoking  or  open  flames  within  50  feet  of 
oxygen  loading  or  unloading  areas  or  of  oxygen  storage  tanks. 

Appropriate  signs  shall  be  posted.  Some  tank  vents  may  not 
be  in  the  immediate  loading  area.  In  such  cases,  the  no 
smoking  regulations  apply  also  to  vent  areas. 

3.  Liquid  oxygen  shall  be  handled  in  well  ventilated  areas 
only.  Personnel  exposed  to  oxygen  vapors  for  any  length  of 
time  dare  not  smoke  and  must  avoid  other  sources  of  ignition 
for  at  least  one-half  hour  after  exposure,  since  clothing 
saturated  with  vapors  will  catch  fire  easily.  Detailed 
accounts  of  such  incidents  appear  in  a paper  entitled  "Too 
Much  Oxygen”  in  the  Operations  "Safety”  binder.  Areas  where 
oxygen  concentration  is  doubtful  shall  be  checked  with  an 
analyzer.  No  one  is  to  enter  areas  having  oxygen  concen- 
trations of  25  percent  or  higher. 

l».  Oxygen  storage  units  may  not  be  placed  on  macadam,  asphalt, 

or  any  other  oil  base  surfaces.  Only  concrete  pads  and  \ 

clean  gravel  or  stone  surfaces  are  satisfactory.  Concrete 
pads  are  most  desirable. 

5.  Containers,  piping,  or  any  other  equipment  to  be  used  in  * 

oxygen  service  must  be  checked  for  contamination  and  solvent  1 

cleaned  as  necessary  before  installation  or  use.  Refer  to 
procedure  1.08  for  details.  Tools  used  for  installation  of 
oxygen  systems  must,  also  be  solvent  cleaned.  j 
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D.  Safety  Considerations  with  Flammables 

1.  The  liquid  of  greatest  concern  is  hydrogen.  Some  company 
operations  concern  hydrocarbon  gases  or  liquefied  petroleum 
gases  as  products  and/or  processes,  but  hydrogen  can  be 
considered  as  a typical  flammable  since  its  wide  flammability 
range  and  ease  of  ignition  require  that  it  be  handled  with 
extreme  caution.  The  same  precautions  that  apply  to  hydrogen 
vill  generally  apply  to  other  flammable  gases. 

2.  Adequate  ventilation  must  be  provided  where  hydrogen  is  being 
handled  or  used.  This  is  to  prevent  buildup  of  hydrogen  to 
explosive  limits  (and  also  to  maintain  breathing  atmosphere 
of  at  least  18  percent  oxygen). 

3.  There  shall  be  no  smoking,  open  flames,  welding,  or  other 
possible  sources  of  ignition  within  50  feet  of  liquid  storage 
having  a capacity  up  to  1500  gallons.  This  limit  shall  be 
75  feet  when  storage  capacity  exceeds  1500  gallons.  Some 
tank  vents  may  not  be  in  the  immediate  storage  area.  In 
such  cases,  the  distance  limitations  apply  also  to  the  vent 
areas.  Appropriate  signs  shall  be  posted  at  strategic 
spots  in  these  areas. 

4.  Only  approved  explosionproof  electrical  equipment  is  permitted 
in  areas  where  there  is  flammable  storage,  piping,  or  associated 
equipment.  No  equipment  shall  be  modified  or  added  without 
Operations  Department  staff  approval.  Any  work  areas  where 

the  atmosphere  may  contain  concentrations  of  flammable  gas 
must  be  checked  thoroughly  before  power  tools  or  other 
electrical  equipment  can  be  used.  Safety  Work  Permits  are 
required  before  any  work  can  be  done  in  these  areas. 

5.  If  vent  stack  extensions  are  provided,  they  must  be  placed 
on  the  liquid  trailers  before  proceeding  with  transfer 
operations.  Electrical  grounds  shall  be  connected,  and  the 
hose  shall  be  purged  with  nitrogen  as  applicable. 

6.  Liquid  hydrogen  shall  not  be  poured  from  one  container  to 
another  or  transferred  in  an  open  system.  If  this  is  done, 
oxygen  from  the  air  will  condense  into  the  liquid  hydrogen, 
presenting  an  explosion  hazard. 

7.  Vehicular  traffic  will  not  be  permitted  adjacent  to  loading. 
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unloading,  or  venting  operations. 


E.  Safety  Considerations  with  Various  Types  of  Cryogenic  Containers 

1.  Dewars  - These  dewars  are  either  open,  nonpressurized, 
vacuum-jacketed  vessels  or  closed,  pressurized,  vaccum- 
Jacketed  vessels  used  to  contain  cryogenic  liquids.  Liquid 
product  cylinders  are  one  type  of  closed,  pressurized 
vessels.  Some  specific  rules  for  devars  sure: 

a.  Containers  must  be  handled  carefully. 

b.  Covers  should  be  kept  in  place  when  the  devar  is  not  being 
used.  Moisture  accumulating  in  the  neck  or  on  the  cover 
can  plug  the  container  and  cause  rupture  by  over- 
pressurization . 

c.  A cold  outside  Jacket  on  the  container  indicates  a loss 
of  vacuum.  Such  containers  must  be  removed  from  service 
and  repaired. 

d.  Dewars  must  never  be  filled  in  unventilated  areas. 

2.  Storage  Tanks  - Storage  tank  capacities  may  vary  from  several 
hundred  gallons  to  thousands  of  gallons  of  liquid.  They  are 
usually  cylindrical  or  spherical,  and  normal  pressures  vary 
from  atmospheric  to  several  hundred  pounds  per  square  inch. 
Operators  required  to  vork  with  these  containers,  even  those 
who  must  work  near  them  as  part  of  the  workday  environment, 
must  learn  the  peculiarities  and  valving  arrangements  of 
particular  installations.  The  following  general  rules  apply 
to  liquid  storage  tanks: 

a.  With  vacuum- Jacketed  containers,  any  abnormal  increase 
in  pressure  in  the  annular  space  warrants  immediate 
investigation  for  possible  leakage  of  the  inner  or 
outer  tank.  Such  leaks  can  cause  excessive  losses  due  to 
heat  leakage  ana  can  raise  annular  space  pressures 
to  the  point  where  safety  devices  could  be  actuated, 
causing  powdered  insulation  to  be  discharged  into  the 
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storage  area.  Also,  the  tanks  have  carbon  steel  outer 
shells  which  can  break  at  reduced  temperatures  releasing 
liquid  or  vapors  in  large  areas.  Bad  breaks  could 
cause  excessive  cooling  of  structural  members  and  collapse 
the  tank  support  members. 

b.  When  tanks  are  located  inside  insulated  buildings,  the 
insulated  space  is  purged  with  nitrogen,  and  the  atmosphere 
must  be  tested  weekly  at  various  points  to  check  for 
possible  tank,  valve  bonnet,  packing,  or  piping  leaks. 

All  frost  spots  must  be  investigated  to  determine  if 
they  are  caused  by  leaks  or  faulty  insulation.  If  any 
checks  indicate  oxygen  concentrations  above  21  percent, 
steps  shall  be  taken  to  check  for  adequate  nitrogen  purge 
to  increase  tne  nitrogen  purge,  and  to  locate  and  repair 
leaks.  For  details,  refer  to  procedure  l.lU,  Locating 
Leaks  in  Cold  Boxes. 

c.  Oxygen  storage  tanks  must  have  their  contents  checked 
weekly  for  acetylene.  If  the  slightest  trace  of 
acetylene  is  detected,  the  Operations  Staff  office  shall 
be  notified  immediately. 

d.  Never  overfill  a storage  tank.  At  least  5 percent  of 
vapor  space  must  be  maintained  for  the  vessels.  Consult 
the  vendor's  literature  or  the  operating  instructions 
for  specific  equipment  limitations. 

e.  All  flammable  storage  tanks  must  be  grounded,  and  the 
ground  system  checked  periodically. 

3«  Trailers  - Trailer  units  of  various  capacities  are  used  at 

most  facilities.  The  following  general  rules  apply  to 

trucking  equipment: 

a.  When  loading  or  unloading,  trailer  wheels  are  to  be 
locked,  and  wheel  chocks  must  be  in  place. 

b.  The  tract dr  shall  not  be  engaged  to  or  disengaged  from 
a trailer  while  a transfer  hose  is  connected  to  the 
trailer. 

c.  A warning  flag  on  a stand  is  to  be  kept  in  front  of  the 
tractor  or  trailer  as  long  as  the  transfer  hose  and 
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electrical  ground  are  connected  to  the  trailer.  Before 
moving  from  the  loading  point , the  equipment  must  be 
circled  to  ensure  that  all  is  clear  and  that  the  hose 
is  disconnected.  The  flag  can  then  be  removed,  and 
the  trailer  pulled  from  the  spot. 

d.  The  transport  vehicle  engine  must  be  shut  down  before 
starting  product  transfer.  The  engine  shall  not 
be  restarted  until  transfer  is  completed  and  hose  is 
disconnected.  Engine  startup  is  prohibited  until 
the  area  and  the  conditions  surrounding  the  vehicle 
are  considered  safe  (free  of  vapors,  etc.) 


IV.  RELATED  PROCEDURES 

District  Operations  Manual  - Volume  1,  Section  9 


V.  RELATED  FORMS 
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PUT  IT  IN  WRITING 

Date:  June  12,  1968 

TO: 

PROM: 


See  Distribution 
M.  H.  Hubbs 


Subject:  Test  Gauge  Equipment  Failure 

Shakopee 


Distribution : Allegheny  Operations  Region  Plant  Managers 

Eastern  Operations  Region  Plant  Managers 
Midwest  Operations  Area  Plant  Managers 


cc:  W.  L.  Ball 

J.  H.  Colby 
W.  L.  Ent 
W.  T.  Straughan 
H.  E.  Wynn 


June  9,  1968,  Robert  Wessinger,  Plant  Manager  of  Shakopee  (near 
Minneapolis),  was  checking  oxygen  pressure  on  portable  banks  prior  to 
shipment.  One  bank  had  been  checked.  The  second  bank  was  in  the  process 
of  being  checked  when  a fire  occurred. 


A test  gauge  with  a rubber  hose  was  being  used  for  this  purpose.  An 
eight  inch  rupture  and  fire  took  place  in  the  hose  before  the  supervisor 
removed  his  hand  from  the  valve;  in  other  words,  the  fire  was  immediate. 

Upon  closing  the  valve,  the  fire  went  out. 

Wessinger  received  second  degiee  burns  to  his  face  and  arms  (in  second 
degree  burns,  blisters  develop).  He  was  wearing  safety  glasses. 


Findings 

The  investigation  revealed  the  following: 

1.  Rubber  hose  was  being  used  in  oxygen  service.  A flexible  metal  hose 
should  be  used  with  the  test  gauge. 

2.  The  test  gauge  and  hose  were  being  used  in  oxygen  and  nitrogen  service. 

DOM  Volume  IV,  0130,  Paragraph  (U)  2 specifically  prohibits  the  use 
of  oxygen  test  gauges  in  service  other  than  oxygen. 

3.  When  not  in  use,  the  test  equipment  was  left  in  a building,  exposed 
to  the  atmosphere. 

When  the  equipment  is  not  in  use,  it  should  be  stored  in  a manner  where 
foreign  material  cannot  enter  the  hose. 
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4.  Although  definite  identification  has  not  been  made,  a material  which 
looks  like  oil  was  found  in  the  outlet  orifice  of  the  cylinder  valve 
and  the  inlet  side  of  the  hose. 

The  oil  may  have  come  from  a nitrogen  cylinder.  Tests  will  be  made  on 
two  oxygen  cylinders  removed  from  the  portable  bank  for  positive 
identification. 


Your  Required  Action 

1.  Whether  you  fill  cylinders  in  your  plant  or  whether  you  don't,  the 
idea  of  interchanges  of  gauges  or  pressure  reducing  regulators , etc . , 
from  any  service  to  oxygen  without  the  equipment  being  "cleaned  for 
oxygen  service"  is  prohibited. 

THIS  POINT  SHOULD  BE  STRESSED  TO  ALL  OP  YOUR  EMPLOYEES. 

2.  You  who  have  cylinder  fill  as  part  of  your  operation  should  check 
immediately  those  points  made  above  to  see  that  you  are  not  violating 
the  Company  regulations.  Place  emphasis  on  the  fact  that  pressure 
should  always  be  introduced  slowly  to  a gauge. 

3.  This  information  should  be  part  of  your  next  safety  meeting. 

4.  You  should  be  acquainted  with  the  following  references: 

a.  F.  K.  Kitson's  letter.  Summary  of  Action  Taken  on  Pressure 
Gauges,  dated  August  2,  1961. 

b.  District  Operations  Manual,  Volume  IV,  0130. 

ORIGINAL  SIGNED  BY. 

M.  H.  Hubbs 

MHH:c 


(Retyped  9/26/72 
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INDEX  TO  PARAGRAPHS 

1.  PURPOSE 

2.  SCOPE 

3.  GENERAL 
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1.  PURPOSE  This  QCL  lists  the  cleaning  agents,  associated  equipment  and  supplies, 
which  are  approved  for  use  in  Air  Products  and  Chemicals,  Inc.,  manufacturing 
facilities. 

2.  SCOPE  This  QCL  shall  be  used  in  conjunction  with  all  Air  Products  and  Chemicals, 
Inc.  cleaning  standards. 

3.  GENERAL 

3.1  Due  to  the  various  problems  involved  in  the  handling  of  most  cleaning  agents, 
it  is  important  that  the  users  of  these  materials  be  thoroughly  familiar  with 
the  specific  problems  of  each  cleaning  agent. 

3-1.1  The  use  of  any  cleaning  agent  is  prohibited  until  all  the  problems 
concerning  the  agent  are  known,  and  the  necessary  precautions  are 
established. 

3-1.2  Any  doubt,  concerning  the  use  of  a cleaning  agent,  shall  be  resolved 
thru  Quality  Control  or  the  Safety  Department,  prior  to  use  of  the 
agent. 

3.2  Proper  ventilation  in  a work  area  is  mandatory.  Inhalation  of  highly 
concentrated  vapors  will  cause  serious  effects.  Prolonged  or  repeated 
exposure  of  the  skin  to  concentrated  vapors  or  liquids  may  cause  dermatitis. 

4.  CLEANING  AGENTS 
4.1  DETERGENTS 

4.1.1  The  capacity  of  holding  tanks,  in  which  solutions  are  contained, 
shall  be  determined  before  use. 

4.1.2  Before  adding  detergent  compounds,  fill  the  container  with  water  to 
approximately  one-third  of  the  intended  working  volume. 
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4. 1.8. 2 final  rinse  when  tested  shall  indicate  a pH  of  6 to  8. 

(Contd) 

4. 1.8.3  Detergent  solutions  shall  NOT  be  employed  to  clean  a surface 
which,  thru  use,  will  contact  oxygen  rich  atmospheres,  unless 
the  cleaned  surface  can  definitely  be  determined  as  free  of 
all  cleaning  solution  after  rinse. 

4.1.9  The  following  detergents  may  be  enployed  as  applicable: 

A.  SOIL  & OIL  REMOVAL  - Where  identical  compounds  are  specified  for 
dissimilar  metals,  it  is  advisable  to  use  separate  solutions  to 
clean  ferrous  and  nonferrous  metals. 

Ferrous  Metals  (including  stainless  steel,  invar,  and  nine-nickel): 
#77  Oakite 
JSTC  Johar 

#4  Johar  (low  foaming) 

Aluminum  & Aluminum  Alloys: 

#164  Oakite  Aluminum  cleaner  (non-etching  material) 

#20  Johar 

Copper  & Copper  Alloys  (brass,  bronze,  monel  and  herculoy): 

#77  Oakite 
JSTC  Johar 
#4  Johar 

B.  RUST  & SCALE  REMOVAL 

Ferrous  Metals  Only: 

#32  Oakite  (hydrochloric  base) 

Oakite  Rustripper  (also  removes  paint  and  varnishes). 

#13  Johar 

All  Metals: 

#31  Oakite  (phosphoric  base)  (also  removes  oxides  sued 
fluxes). 

#23  Johar 

C.  DEOXIDIZER  & BKIGBTENER 


Aluminum  & Copper,  end  their  alloys : 
#34m  Oakite  (chromic  base) 
#22  Johar 

D.  RUST  RETARDANT 

I 
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All  Metals : I 

Rlnslte  (also  prevents  water  spotting).  I 

E.  CORROSION  (water)  STAIN  REMOVAL 

Aluminum  & Aluminum  Alloys: 

#160  Oakite  (Etching  material)  Rinses  freely. 

#21  Johar 

4.1.10  The  following  detergents  may  be  enrployed  for  the  application  listed: 

A.  HIGH  PRESSURE  SPRAY 
All  Metals: 

#164  Oakite  Aluminum  Cleaner 
#20  Johar 

B.  MANUAL  CLEANING 
All  Metals: 

#33  Oakite"( Phosphoric  acid  base).  DO  NOT  use  on  white 
#23  Johar  metals.  Removes  oxides,  rust,  soils,  and  oils.  ' 
#202  Oakite '(Alkaline  material).  Removes  soils  and  oils. 

#25  Johar 

4.1.11  Detergents  shall  be  employed  in  accordance  with  the  following  in- 
structions : 


4.1.11.1  OAKITE  #31  - Acid,  liquid  type  (pH2) 

(JOHAR  #23) 

Application:  All  metals.  Has  a minimal  attack  on 

aluminum  materials.  This  attack  increases  as  the  con- 
centration, temperature  and  time  of  contact  increases. 


Purpose:  Removes  oxides,  rust,  scale,  light  soils  and 

fluxes.  May  also  be  used  as  an  acid  rinse  (at  concen- 
trations of  1 to  2$  by  volume  with  water)  after  alkaline 
cleaning.  HAS  NO  SOLVENT  CONTENT.  Specially  suited  for 
flux  removal. 

Mixing  Proportions:  5$  to  50$  by  volume,  to  water. 

Operating  Temperature:  l6o°F  to  l80°F. 

Precautions:  Add  the  acid  to  the  water.  Requires  an  acid 

resistant  holding  tank.  Do  not  allow  contact  with  the 
eyes  or  skin. 
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4.1.11.2  OAKITE  #32  - Acid,  liquid  type  (pH2) 


Application:  Ferrous  metals  only. 

Purpose:  Remove  rust  and  scale.  Strip  oxide  coatings, 

and  remove  chromium,  zinc,  and  cadmium  platings.  Where 
cleaning  is  necessary,  use  a soil  removing  Oakite  (Oakite 
#77)  and  rinse. 

Mixing  Proportions : Normal  mix  is  15%  Oakite  #32  with 

water,  by  volume.  Concentrations  of  5%  to  50%  by  volume, 
may  be  used  depending  on  the  amount  of  rust  and/or  scale 
to  be  removed. # 

Operating  Temperature:  Up  to  but  no  exceeding  l4o°F. 

Precautions:  Add  the  acid  to  the  water.  Use  in  well 

ventilated  area.  Vapors  of  heated  Oakite  #32  solution 
are  very  corrosive.  Requires  an  acid  resistant  holding 
tank.  Do  not  allow  contact  with  the  eyes  or  skin.  When 
the  configuration  of  a component  allows  for  entrapment  of 
Oakite  #32  solution,  neutralization  should  be  accomplished 
by  introducing  a solution  of  Oakite  Rustripper  (at  a con- 
centration of  2 oz.  per  gallon  of  water,  at  room  temper- 
ature, employing  a contact  time  of  5 minutes)  and  rinse. 

4.1.11.3  OAKITE  #33  - Acid,  liquid  type.  (pH2) 

(JOHAR  #23) 

Application:  All  metals.  History  of  attack  on  aluminum 

same  gls  listed  in  4.1.11.1. 


Purpose:  Remove  oxides,  rust,  scale,  soils  and  oils.  Has 

good  detergent  and  solvent  properties. 

Mixing  Proportions:  5%  to  50%  Oakite  #33  to  water,  by 

volume. 

Operating  Temperature:  Room  temperature  to  140°F. 


Precautions:  Add  the  acid  to  the  water.  Requires  an  acia 

resistant  holding  tank.  Do  not  allow  contact  with  the 
eyes  or  skin. 


4.1.11.4 


OAKITE  #34M.  Acid,  powder  type  (pH2) 
(JOHAR  #22) 


Application:  Aluminum  and  copper,  and  their  alloys. 
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Purpose:  Deoxidizing,  brightening  and  desnuttlng.  A 

general  bright  dip.  IMPORTANT:  Oakite  #34m  is  not  a 
cleaning  agent.  Where  cleaning  is  necessary,  use  a soil 
removing  Oakite  (Oakite  Aluminum  Cleaner  #164)  and  rinse, 
prior  to  using  Oakite  #34m  to  deoxidize  and  brighten  the 
material.  Where  etching  of  aluminum  is  necessary,  use 
Oakite  #160  (which  rinses  freely)  and  rinse,  prior  to  using 
Oakite  #34m  to  remove  the  residual  black  smut  which  gen* 
erally  forms  when  aluminum  is  etched.  Heavy  etching  of 
aj.imri  mini  also  results  from  the  use  of  Oakite  #77  or  Oakite 
Rustripper.  These  materials  do  not  rinse  as  easily  as 
Oakite  #160.  Because  of  the  exceptionally  heavy  etching 
produced,  the  use  of  Oakite  #77  or  Rustripper  to  etch 
aluminum  must  be  carefully  controlled. 

Mixing  Proportions:  8 to  16  oz.  per  gallon  of  water. 

Operating  Temperature:  Room  temperature,  DO  NOT  HEAT. 

Precautions : Add  the  acid  to  the  water.  Reacts  vigorously 

with  ferrous  metals.  Requires  an  acid  resistant  holding 
tank.  Do  not  allow  contact  with  the  eyes  or  skin. 

4.1.11.5  OAKITE  #77  - Strong  Alkaline,  powder  type  (pHl4). 

(JOHAR  JSTC  & JOHAR  #4) 

Application:  All  metals  except  white  metals.  Not  re- 

comrended  for  aluminum  because  a heavy  etch  is  produced. 

Purpose:  Remove  heavy  deposits  of  soil  and  oil.  Remove 

light  deposits  of  rust  and  scale. 

Mixing  Proportions : 8 to  16  os.  per  gallon  of  water. 

Operating  temperature:  l6o°F  to  200°F . 

Precautions:  Do  not  use  at  temperatures  below  l40°F  or 

when  scum  forms  on  the  solution.  Do  not  allow  contact 
with  the  eyes  or  skin. 

4.1.11.6  OAKITE  #160.  Alkaline,  powder  type  (pHl4) 

(JOHAR  #21) 

Application.  Aluminum  and  its  alloys. 

Purpose:  Etch  aluminum.  Remove  corrosion  (water)  s ted  ns. 

Action  is  accelerated  as  the  concentration,  temperature 
and/or  time  of  contact  is  increased. 
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Mixing  Proportions:  3 to  b oz.  per  gallon  of  water. 

Operating  Temperature:  140°F  to  180°F.  When  aluminum  is 

etched  there  is  generally  a residual  black  smut  formed. 

This  smut  will  usually  not  rinse  off  in  a water  rinse. 

To  remove  the  smut  and  brighten  the  aluminum  after  etching 
and  rinsing,  process  the  material  thru  a solution  of 
Oakite  #34M,  and  rinse. 

Precautions:  Do  not  allow  contact  with  the  eyes  or  skin. 

4*1.11.7  OAKITE  #164.  Alkaline,  powder  type  (pH12). 

(JOHAR  #20) 

Application:  Aluminum  and  its  alloys.  Specially  inhibited 

to  prevent  attack  on  the  material. 

Purpose:  Remove  soil,  oil  and  identification  inks.  Can 

be  used  in  pressure  spray  equipment  due  to  its  low  foaming 
properties . 

Mixing  Proportions:  2 to  8 oz.  per  gallon  of  water. 

Operating  Temperature:  l60°F  to  200°F 

Precautions:  Do  not  use  at  temperatures  below  140°F.  Do 

not  allow  contact  with  the  skin  or  eyes. 


4.1.11.8  OAKITE  #202.  Alkaline,  liquid  type  (pHIO) 

> (JOHAR  #25) 

*4 

Application:  All  metals. 

i 

v Purpose:  Remove  soils  and  oils.  Suited  for  manual  clean- 
s' ing. 

Mixing  Proportions:  May  be  used  in  a range  of  from  2% 

to  water,  by  volv”r" , to  full  strength. 


Operating  Temperature : Room  temperature  to  l4G°F. 

Precauti ons : None . 

4.1.11.9  OAKITE  RINSITE.  Neutral,  liquid  type  (pH7-«) . 


$ 

l 

% 


Application:  All  metals.  Use  as  an  additive  to  rinse 

water. 


Purpose:  Prevent  water  Petard  corrosion  fc  t 
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Mixing  Proportions:  l/2  of  1$  to  2$  Oakite  Rinsite  to 

water  by  volume.  (Use  in  final  rinse  onj]). 

Operating  Temperature : Up  to  but  not  exceeding  l40°F. 

Precautions:  Freezes  at  28°F.  Store  accordingly.  Avoid 

contact  with  acids. 

4.1.11.10  OAKITE  RU STRIPPER.  Strong  alkaline,  powder  type  (pHl4) 
(JOHAR  #13) 

Application:  All  metals  except  white  metals.  Not 

reconmended  for  aluminum  because  a heavy  etch  is  produced. 

Purpose:  Remove  rust,  scale,  grease  and  oils.  Strip 

paint  and  lacquers.  Provide  a temporary,  light  corrosion 
resistant  alkaline  film. 

Mixing  Proportions:  For  light  rust  (rust  blush)  removal, 

8 oz.  per  gallon  of  water.  For  heavy  rust  removal,  3 lbs 
per  gallon  of  water. 

Operating  Temperature : Room  temperature  for  light  clean- 

ing and  rust  (rust  blush)  removal.  180°F  to  200°F  tem- 
perature for  heavy  duty  cleaning  and  rust  removal. 

Precautions:  Do  not  allow  contact  with  the  eyes  or  skin. 

4.2  CHLORINATED  SOLVENTS 


4.2.1  All  chlorinated  hydrocarbon  solvents  will  decompose  when  exposed  to 
temperatures  of  750°  - 950°F.  These  products  of  decomposition  are 
more  toxic  than  the  solvents;  therefore,  flame,  heaters,  and  welding 
should  not  be  permitted  in  the  vicinity  of  cleaning  with  these 
solvents.  The  products  of  decomposition  include  phosgene  gas. 

4.2.2  Chlorinated  hydrocarbon  solvents  will,  in  the  presence  of  moisture, 
result  in  the  formation  of  hydrochloric  acid  through  hydrolysis.  The 
hydrochloric  acid,  in  addition  to  being  reactive  with  aluminum,  is 
more  toxic  them  the  original  solvent.  The  elevated  temperatures 
used  in  purging  a vessel  would  increase  the  reaction  of  acid  with 
aluminum  and  Increase  the  hazard  due  to  toxicity. 

4.2.3  Equipment  cleaned  with  chlorinated  solvents  by  the  flushing  method 
shall  be  purged  with  a stream  of  clean,  dry  air  or  nitrogen.  (It  is 
advisable  to  exhaust  fumes  to  the  outside  atmosphere . ) The  purge 
shall  continue  until  the  exhaust  can  be  determined  free  of  solvent 
vapors  whe.i  tested  with  halogen  gas  detection  equipment. 
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4.2.4  Chlorinated  solVfcnts  shall  be  used  in  accordance  with  the  following 
i I instructions. 

4. 2. 4.1  TRICHLORETHYLENE.  (Conforming  to  Federal  Specification 

r 0-T-634A,  Type  II,  and  Military  Specification  Mil-T-7003.) 

Application:  All  metals.  May  be  used  for  cold  cleaning  or 

vapor  degreasing. 

Purpose:  Remove  oil,  grease,  fats,  waxes,  tar,  rubber, 

sulfur,  and  resins. 

Type  or  Grade:  Neutral,  stabilized,  metal  degreasing  grade. 

Operating  Temperature : Use  at  ambient  temperature  will  re* 

move  light  soils,  preserving  oils  and  greases.  Vapor  clean- 
ing, by  use  of  any  conmercial  degreasing  equipment,  is  more 
effective  and  will  remove  heavy  soils  and  oils.  (Nonflammable 
solvent)  Tri chloroethylene  boils  at  approximately  l88°F. 

Precautions:  Use  with  good  and  adequate  ventilation.  The 

maximum  allowable  vapor  concentration  of  trichloroethylene 
is  100  ppm.  Vapors,  when  inhaled  in  sufficient  concen- 
tration, will  produce  symptoms  of  anaesthesia,  mild-giddiness, 
nausea,  and  in  severe  cases  will  cause  unconsciousness. 

4. 2.4. 2 METHYLENE  CHLORIDE  (Dow  Chemical  Company;  DuPont  Company; 
or  similar) 

Application:  All  metals.  May  be  used  for  cold  cleaning, 

vapor  degreasing  or  hot  stripping. 

Purpose:  Remove  grease,  oil  solvent  residue,  lubricating 

compounds,  and  preservative  oils  and  greases.  In  addition, 
its  exceptional  solvent  activity  permits  quick  stripping 
of  paint  and  lacquer  films,  including  latex  and  the  new  tough 
epoxy  resin  materials. 

Type  or  Grade:  Technical  grade. 


Operating  Temperature:  Use  at  ambient  •‘Temperature  will  re- 

move light  soils,  preserving  oils  and  gi eases.  Vapor  de- 
greasing or  hot  stripping  are  more  effective.  (Non-flammable 
solvent)  Methylene  chloride  boils  at  approximately  104°F. 


Precautions:  Use  with  good  and  adequate  ventilation.  Tne 

maximum  allowable  vapor  concentration  is  50C  ppm.  (It  would 
appear  that  under  similar  conditions  the  methylene  chltjMe 
would  be  five  times  as  safe  as  trichloroethylene.  Howeve.-, 


ISSUED  12/16/61 


PREPARED  BY 


A.  J.  Mahr 


NO. 


DATE  |b/12/b2 


APP'O 


AJM 


9/23/o3  12/14/6 


AJM 


AJM 


APP'D  BY  R.  I.  Baker 

7 


APPROVED  CLEWING  AGENTS  AND  ASSOCIATED 
EQUIPMENT  AND  SUPPLIES 


NO. 

QCL  1G3F 


PAGE  9 OF  11 


* 


QUALITY  CONTROL  LAYOUT 


'F%0ctuc&  <W  Ciemka& 


the  evaporation  rate  is  about  t.ice  that  of  trichloro- 
ethylene, thereby  producing  a richer  atmosphere  of  methylene 
chloride  than  would  exist  for  trichloroethylene  in  the  same 
period  of  time.  When  the  evaporation  rate  is  considered, 
it  is  evident  that  the  ventilation  requirements  will  be  sim- 
ilar for  both  solvent#.)  Vapors,  when  inhaled  in  sufficient 
concentration  will  produce  symptoms  of  anaesthesia,  mild- 
giddiness , nausea,  etc.  - and  in  severe  cases  will  cause 
unconsciousness . 


4.3  Other  cleaning  agents. 
4.3.1  ISOPROPYL  ALCOHOL 


1SSUE0  12/16/61 


Application:  Rubber  parts  or  surfaces  only. 

Purpose:  Remove  light  soils,  oil  and  grease. 

Type  or  Grade:  Oomnercial 

Operating  Temperature:  Room  temperature. 

Precautions:  Highly  Inflnnmable.  Proper  ventilation  in  a work  area 

is  mandatory.  In  the  event  of  a spill,  the  alcohol  most  be  cleaned 
up  immediately.  Compressed  air  or  fans  should  not  be  used  to  dry 
up  spills  because  of  the  highly  flammable  nature  of  the  vapor.  Mops 
and  rags  used  to  soak  up  spills  should  be  dried  outdoors. 

4.3*2  PACO-  ALCOHOL  (Publicker  Industries,  Incorporated) 

Application:  All  metals.  Use  when  subsequent  fabrication  requires 

that  a cleaned  material  be  melded.  May  be  used  for  spot  cleaning. 

Purpose:  Remove  oil,  grease,  enamels,  inks,  lacquers,  varnish. 

Type  or  Grade:  TR590,  Formula  #2,  Regular  Type. 

Operating  Temperature:  Room  temperature. 

Precautions:  Highly  inflammable . Use  in  well  ventilated  area.  In 

the  event  of  spill,  the  alcohol  shall  be  cleaned  up  i mediately. 
Compressed  air  or  fans  should  not  be  used  to  dry  up  spills  because 
of  the  highly  flammable  nature  of  the  vapor.  Mops  and  rags  used  to 
soak  up  spills  should  be  dried  outdoors.  When  used  in  confined  areas 
for  cleaning,  an  exhaust  fan  should  be  employed  to  expell  concentrated 
vapor 8.  Paco,  Formula  #2  has  a flash  point  of  48°F.  Paco  shall  not 
be  used  where  the  liquid  or  vapor  could  possibly  be  trapped  in  a 
system  or  an  assembly.  Use  an  Explosion  Meter  to  determine  the  con- 
centration of  vapors  in  a work  area  whenever  cleaning  involves  extended 
use  of  Paco  and  the  vapors  cannot  be  exhausted  to  the  outside. 
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U.3.3  TART  - ACID  (The  Dubois  Company) 

Application:  Stainless  steel  and  aluminum. 

Purpose:  Dissolves  mineral  deposits  and  prepares  organic  soil  for 

easy  removal  by  alkaline  cleaners.  Used  as  a light  to  medium  duty 
pickle  for  removing  rust.  Also  an  effective  hrightener  and  deozidizer 
of  aluminum. 

Type  or  Grade:  Commercial,  grade. 

Operating  Temperature : Room  temperature . 

Precautions:  Use  vhere  acid  cleaning  is  necessary.  Immediately 

after  the  application  of  Tart,  a thorough  rinse  with  clean  water  is 
necessary.  When  subsequent  welding  will  be  performed,  the  weld  joint 
surface  should  be  wire  brushed  with  a stainless  steel  brush  after 
cleaning  has  been  couple ted.  Do  not  use  where  crevices  could  trap 
the  Tart  and  prevent  it  from  being  rinsed  out.  Use  proper  pre- 
cautions to  avoid  physical  contact  with  the  acid  in  order  to  prevent 
serious  skin  irritation. 

5.  ASSOCIATED  EQUIPMENT  AND  SUPPLIES  USED  TO  ESTABLISH  & MAINTAIN  CLEANLINESS 

5*1  Black  Light  Inspection  Equipment: 

Pen-Ray  Lamp,  Model  USC-i,  Blacklight  Eastern  Corporation. 

Blak-Ray  Lamp,  Model  B-100,  Blacklight  Eastern  Corporation;  or  Model  ZB26, 
Magnaflux  Corp. 

Porescope,  Lico  Model  425 8AP,  Lenox  Instrument  Company. 

5*2  Dacron  or  Nylon  Clothing: 

Commercial  Type/Grade. 

5*3  Polyethylene  Materials: 

Commercial  Type/ Grade. 

5.4  Test  Papers: 

Filter  - Commercial  Type/Grade  (e.g.  Millipore,  Whatman,  etc.) 

PH  Indicator  - Red  Litmus  for  upper  PH  limit,  Methyl  Red  for  lower  PH 
limit;  or  commercial,  range  type,  hydrion  papers. 

•?.?  Vapor  Degreasing  Equipment: 


Commercial  Type/ Sr sde( such  a?  wouo\  v’-S-  ~/)0 . uet.re>:  Manufacturing  Company.)  1 
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BYRON-JACKSON  OXYGEN  PUMP  WASHOUT  PROCEDURE  FOR  ANALYTICAL  PURPOSES 

I.  PURPOSE 


To  establish  a procedure  for  solvent  washing  BJ  ( Byron— Jackson ) oxygen 
pumps  for  contamination  analysis. 


II.  RESPONSIBILITY 

Plant  Managers,  Maintenance  Superintendents,  and  operating  personnel  are 
responsible  for  compliance  with  the  provisions  of  this  procedure  as  it 
applies  to  BJ  pumps  with  which  they  are  concerned. 


III.  PROCEDURE 

A.  Solvent  Washing  for  Analysis 

1.  All  tools  used  on  the  Internal  portions  of  the  pumps  are  to  be 
cleaned  in  solvent. 

2.  Although  any  APCI  approved  solvents  may  be  used,  trichlorethylene  is 
preferred  over  methylene  chloride.  There  will  be  less  evaporation 
of  solvent  during  the  cleaning,  and  analysis  results  should  be 
more  accurate. 

3.  A clean  container  shall  be  used  is  a vessel  in  which  to  immerse 
the  pump  case  and  as  a drain  basin  for  the  barrel  and  nozzle  head. 

A solvent  drum  cut  in  half  the  long  way  and  supported  on  blocks 
has  been  used  and  found  practical*  A metal  cup,  for  pouring 

solvent  over  parts,  and  both  sample  cans  to  be  used  shall  be  solvent 
cleaned  and  placed  in  the  container  (one  sample  can  can  be  used  in 
place  of  the  cup).  A clean,  lint-free  rag  shall  also  be  rinsed 

in  clean  solvent,  and  dropped  in  the  container . 

4.  If  a platform  settle  is  available,  the  container , proper  blocking, 
the  rag,  the  cup,  and  the  sample  cans  shall  be  placed  on  the  scale. 
Remove  one  sample  can,  then  weigh  everything  else.  Record  the  weight 
and  replace  the  sample  can. 

5.  Pour  the  solvent  into  the  container.  A 10-gallon  maximum  is  suggested , 
since  the  less  solvent  used,  the  more  accurate  the  analysis  results 
will  be.  Allow  the  solvent  to  stand  for  a few  minutes,  then  stir 
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and  obtain  a representative  sample  in  one  of  the  cans.  Then  check 
the  weight , record  it,  and  deduct  the  weight  recorded  in  step  kb  to 
determine  the  weight  of  the  solvent  to  be  used. 

6.  If  a scale  is  not  available,  measure  the  solvent  put  in  the  container 
and  obtain  the  sample  after  agitating.  The  amount  of  solvent  to  be 
used  will  be  determined  by  the  amount  introduced  less  the  sample 
quantity. 

Note:  To  minimize  errors  due  to  evaporation  losses,  do  not  weigh  or 

measure  solvent  quantities  until  the  pump  is  ready  to  be  cleaned. 

7.  Pull  the  pump  from  the  plant  complete  with  the  barrel,  then  remove 
the  case  from  the  barrel  and  disassemble  the  case.  Make  a visual 
inspection  for  oil  under  a bright  white  light,  paying  particular 
attention  to  bolts,  bolt  holes,  barrel  gasket  surface,  volutes,  and 
the  separating  surface  of  the  case.  Perform  all  work  adjacent  to  the 
solvent  cleaning  drum  and  place  all  parts  on  clean  paper. 

8.  Immerse  the  pump  case  halves,  barrel  to  nozzle  head  gasket,  all  case 
nuts  and  bolts,  and  the  rotating  assembly  in  the  solvent  (individually 
or  together).  Allow  the  above  parts  to  soak  for  15  minutes  while 
agitating  or  pouring  solvent  over  them  as  necessary.  Pumps  with 
sections  too  long  for  the  container  can  be  held  at  an  angle  with  the 
bottom  in  the  drum  while  solvent  is  poured  over  than  and  drained  into 
the  drum.  Remove  the  pump  parts  and  place  on  the  clean  paper.  Drain 
all  solvent  possible  into  the  drum  before  removing  the  parts. 

9.  Suspend  the  pump  barrel  over  the  solvent  container.  Use  the  cup  or 
sample  can  to  pour  solvent  on  the  inner  sides  of  the  barrel,  permitting 
it  to  flow  from  the  barrel  drain  into  the  container.  Be  sure  that 
solvent  does  not  wash  down  the  external  surface  of  the  barrel. 

10.  Remove  the  packing  from  the  nozzle  head  section  and  place  a piece  of 
clean  heaver  gasket  material  between  the  packing  gland  and  the  face  of 
the  stuffing  box.  Tighten  sufficiently  to  hold  solvent  within  the 
nozzle  head.  Suspend  the  nozzle  head  upside  down  at  an  angle 
of  approximately  1*5  degrees  over  the  container  and  pour  solvent  from 
the  container  into  the  nozzle  head.  The  single  is  necessary  to  dis- 
place the  air  in  the  expansion  joint  section  for  thorough  cleaning. 
Rotate  and  agitate  as  necessary.  Use  the  clean  rag  to  wipe  the  flange 
section  or  other  areas  not  covered  by  solvent.  Drain  the  solvent  into 
the  container. 

Note:  See  B,  below  and  the  diagram  for  a further  explanation  for  this 

cleaning. 
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11.  Blow  out  all  sections  of  the  nozzle  head  (pay  particular  attention 
to  expansion  joint  area)  with  dry,  oil-free  nitrogen  to  evaporate 
all  solvent  and  remove  any  packing  material. 

12.  Weigh  or  measure  the  remaining  solvent  and  obtain  a representative 
sample. 

13.  Forward  the  samples  to  the  Operations  Department  Safety  and  Service 
Manager  with  the  following  information: 

a.  Type  of  solvent  used. 

b.  Quantity  of  solvent  used. 

c.  Quantity  of  solvent  remaining  after  cleaning. 

d.  Details  on  visual  inspection. 

e.  Hours  lamp  had  been  in  service. 

f . Date  washed. 

g.  Specify  which  pump  (A  or  B) . Sites  with  more  than  one  plant 
must  also  include  plant  number. 

B.  Packing  Area  Cleaning 

1.  Several  years  ago,  a potential  hazard  was  uncovered  when  it  was 
discovered  that  a considerable  quantity  of  loose  packing  material 
and  oil  had  lodged  in  the  cavity  inmediately  below  the  nozzle  head 
diaphragm.  Although  same  of  the  oil  was  believed  to  be  from  original 
manufacture,  this  cavity  represents  an  accumulating  area  for 
contamination. 

2.  We  have  been,  advised  by  Byron  Jackson  that  the  distance  between  the 
upper  extremity  of  the  expansion  joint  and  the  bottom  surface  of  the 
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mounting  flange  is  three-quarters  of  an  inch  in  all  pumps  supplied 
to  Air  Products  and  Chemicals,  Inc.,  with  the  exception  of  the 
following  units: 

Serial  Numbers  370625-26  Weirton,  West  Vi^ania 

370641-42  Bethlehem  Steel,  Sparrows  Point 
379476  Bethlehem  Steel,  Sparrows  Point 

On  these  pumps  the  dimension  is  1-1/2  inches. 

3.  Extreme  caution  should  be  excercised  by  all  in  the  inspection  of  these 
pumps  after  disassembly  and  cleaning. 

4.  Since  a potential  hazard  exists,  all  personnel  should  be  acquainted  with 
the  internal  construction  of  these  pumps.  The  diagram  below 
illustrates  the  general  construction  of  the  area  involved. 
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IV.  RELATED  PROCEDURES 

1.05,  Plant  Solvent  Washout  - General 

V.  RELATED  FORMS 

VI.  FREQUENCY 

Refer  to  Section  5.08  of  the  Plant  Operations  Manual  for  frequency  of  pump 
washout  for  individual  units. 
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I.  WORK  STATION  LAYOUT: 

A.  Equipment  Required: 


WORK  STATION  TOO 
STATION  NAME  Test  Manifold 


1.  Manifold  header  section 

2.  Header  valve  adaptors  as  required 

3.  9/16" , 5/8",  1-1/8"  and  1-1/2"  open  end  wrench,  bonnet 
wrench  (special) 

4.  Leak  detector 

5.  Caplugs  as  required 

6.  Orificed  test  valves  (see  Table  II  for  orifice  size) 

B.  Test  Manifold  Setup: 

1.  Choose  appropriate  manifold  header  section  and  attach 
header  valve  adaptors  if  required. 

2.  Adjust  manifold  header  section  pressure  as  required  in 
Table  II. 

3.  Proceed  with  product  test  procedure. 

II.  PRODUCT  TEST  PROCEDURE: 


1.  Attach  regulator  to  header  valve,  relieve  adjusting 
spring  pressure,  attach  orifice  test  valve  to  regulator 
outlet,  open  orifice  test  valve,  open  header  valve. 

2.  Use  leak  detector  to  check  for  pressure  leaks  at  the 
following  places: 

(a)  Inlet  thread 

(b)  H.P.  gauge  thread 

(c)  Test  valve  orifice 

(d)  Backcap 

3.  Turn  the  adjusting  screw  knob  to  full  depth  limit , ob- 
serve the  L.P.  gauge  for  the  following  conditions: 

(a)  Extreme  interrupted  motions  of  gauge  needle  during 
pressure  buildup  indicating  "sticky"  gauge. 

(b)  "Minimum  delivery  pressure”  must  be  obtained,  as 
noted  in  Table  II,  by  the  time  the  adjusting  screw 
knob  has  reached  full  depth  limit. 

4.  Using  the  same  series  of  motions  as  under  3 above,  when 
adjusting  screw  knob  has  reached  full  depth  limit,  im- 
mediately relieve  regulator  pressure  by  turning  the 
adjusting  screw  knob  counter-clockwise  until  th£  L.  P. 
gauge  shows  a reading  below  the  test  pressure  setting 
specified  in  Table  II,  close  orifice  test  valve,  turn 
adjusting  s^rew  knob  clockwise  until  correct  test  pres- 
sure is  n*  ed  on  L.  P.  gauge.  Open  and  close  orifice 
test  valve  twice,  observe  lockup  and  creen  on  L.  P. 
gauge.  Pressure  Increase  shall  not  exceed  values 
shown  under  "Lockup  and  Creep"  column  in  Table  II. 


APCI  DOCUMENT 
no  99ooa  ary 


*MC. 


January  30,  197° 
Page  ? of  l» 


NOTE:  If  regulator  la  found  to  be  defective  during 

test  operations  1 thru  U,  defects  should  be 
noted  at  point  of  rejection.  Remove  and  replace 
regulator,  repeat  test  operations  1 thru  U.  If 
regulator  is  found  to  be  satisfactory  under  above 
conditions,  continue  with  the  sequence  of  test 
operations  1 thru  b above  on  additional  regulators 
until  all  header  test  stations  are  in  use,  then 
proceed  as  outlined  below. 

5.  Return  to  first  header  test  station,  recheck  L.P.  gauge 
for  creep  tolerance.  If  regulator  does  not  exceed  creep 
value,  proceed  with  test  operation  6 below. 

NOTE:  If  regulator  is  found  to  be  defective  at  this 

point,  note  defect,  remove  and  replace  the  regu- 
lator, proceed  as  noted  under  test  operations 
1 thru  U above,  move  to  header  test  station  #2, 
proceed  as  noted  under  test  operation  5 above. 

6.  Use  leak  detector  to  check  for  pressure  leaks  at  the 
following  places: 

(a)  L.  P.  gauge  thread 

(b)  Outlet  nipple  pipe  thread 

(c)  Safety  vents 

(d)  Bonnet  thread  (large) 

If  regulator  passes  leak  test,  proceed  with  test  opera- 
tion 7 below. 

NOTE:  If  regulator  is  found  to  be  defective  at  this 

point,  note  defect,  remove  and  replace  the  regu- 
lator, proceed  as  noted  under  test  operations  1 
thru  U above,  move  to  header  test  station  #3, 
pro-eed  as  noted  under  test  operation  5 above. 

7.  Close  header  valve , open  test  orifice  valve  to  bleed 
pressure  from  regulator,  remove  test  orifice  valve,  mark 
regulator  boss  at  outlet  nipple  with  inspection  stamp, 
remove  excess  leak  detector  from  regulator  using  shop 
air,  clean  regulator  bonnet  as  required  and  attach  regu- 
lator label,  place  coplug  over  outlet  nipple,  loosen 
inlet  nut  and  remove  regulator  from  header  valve,  place 
caplug  over  inlet  nipple,  place  regulator  aside  onto 
regulator  cart,  note  on  daily  quality  control  report. 

8.  Reload  header  test  station  just  vacated  and  proceed 
with  test  operations  1 thru  U noted  above. 

9.  Proceed  with  test  operations  5 thru  7 on  subsequent 
regulators  where  test  operations  1 thru  *»  have  been 
completed. 


January  30,  1970 
Page  3 of  U 


Htoducti  and  Cnetnica/* 


III.  FINISHED  PRODUCT: 

1.  The  finished  product  will  be  entered  into  the  stock- 
room  area  when  the  shop  order  is  complete.  The  product 
test  inspector  will  date,  initial  and  record  the  total 
number  of  units  entered  into  stock  on  the  reverse  left 
hand  side  of  the  shop  order  card,  the  shop  order  card 
and  all  paperwork  pertinent  to  the  shop  order  shall  be 
placed  with  the  assemblies  entered  into  stock  area. 

IV.  GENERAL  PROCEDURES: 

1.  Perform  visual  inspection  during  product  test  procedure. 

2.  Rejected  regulator  assemblies  shal'  be  identified  with 
pressure  sensitive  labels,  reason  for  rejection  to  be 
stated  as  briefly  as  possible,  label  to  be  applied  to 
the  back  flat  surface  of  regulator  body. 

3*  Defective  regulators  shall  be  accumulated  and  scheduled 
for  rework  at  the  discretion  of  the  immediate  supervisor. 

h.  Since  the  immediate  supervisor  is  responsible  for  main- 
taining a quality  product , all  questions  pertaining  to 
product  test  shall  be  directed  toward  him. 
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TABLE  TI 


TEST  MAXIMUM 


MANIFOLD 

TEST 

PRESSURE 

LOCKUP 

MINIMUM 

HEADER 

VALVE 

SETTING 

AND  CREEP 

DELIVERY 

COMMODITY 

PRESSURE 

(ORIFICE) 

( POUNDS- CFH- 

PRESSURE* 

NUMBER 

(PSIG) 

(#DRILL) 

(PSIG) 

LITERS) 

(PSIG) 

231-G-120051* 

1500-21*00 

#1*3 

30 

1*# 

50 

231-H-12015U 

1500-21*00 

1*3 

1*0 

5# 

100 

231-A-12025U 

1500-21*00 

30 

100 

10# 

175 

231-U-121058 

1500-2U00 

1*3 

1*0 

5# 

100 

231-0-122035 

1500-2U00 

1*3 

30 

1*# 

50 

231-X-122158 

1500-21*00 

1*3 

1*0 

5# 

100 

231-L-123030 

200-300 

60 

10 

2# 

15 

231-Q-123151 

200-300 

60 

10 

2# 

15 

231-H-123251 

200-300 

60 

20 

2# 

50 

231-7-125055 

1500-2U00 

1*3 

1*0 

5# 

100 

231-B-125158 

1500-2U00 

1*3 

1*0 

5# 

100 

231-1-125255 

15O0-2U00 

1*3 

1*0 

5# 

100 

231-G-126035 

1500-2U00 

1*3 

30 

1»# 

50 

231-2-126155 

1500-21*00 

1*3 

30 

It# 

50 

231-7-127032 

800-900 

73 

30 

1*# 

50 

231-P-128058 

1500-21*00 

1*3 

1*0 

5# 

100 

231-Q-128158 

1500-2U00 

1*3 

1*0 

10# 

175 

231-9-128259 

1500-21*00 

1*3 

1*0 

5# 

100 

231-7-128355 

1500-21*00 

1*3 

1*0 

5# 

100 

»*235-R-11233^0 

1500-21*00 

1*3 

30 

1*# 

50 

*•235-  -1125^50 

1500-2400 

1*3 

1*0 

5# 

100 

*♦235-0-2112110 

200-300 

60 

10 

2# 

15 

**235-E-21l6450 

1500-21*00 

1*3 

1*0 

5# 

100 

**235-U-°ll6U70 

1500-2U00 

30 

100 

10# 

175 

* With  Test  Valve  Open 

**  Remove  Inlet  and  Outlet  Nipples  and  Plugs  following  Completion 

of  Product  Test,  Place  Appropriate  Caplugs  into  Vacated  Orifices. 
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SECTION  I:  INTRODUCTION 

These  instructions  are  provided  with  Air  Products  pressure 
regulators  to  assist  the  user  in  operating  these  regulators 
with  safety  and  effectiveness.  There  are  numerous  hazards 
associated  with  the  use  of  compressed  gases.  These  hazards 
vary  with  each  gast  with  the  equipment  utilized,  and  with 
the  particular  application.  It  is,  therefore,  impossible  to  list 
all  of  the  hazards  and  associated  precautions.  In  addition  to 
adhering  to  the  operating  instructions  and  safety  rules  listed 
in  these  instructions,  the  user  should  be  aware  of  additional 
hazards  and  safe  operating  practices  peculiar  to  his  equip* 
ment  and  application  and  should  consult  with  the  equipment 
manufacturer  and  compressed  gas  supplier. 

These  instructions  are  applicable  to  pressure  regulators  used 
with  oxygen,  acetylene,  nitrogen,  helium,  hydrogen,  argon, 
liquefied  petroleum  gases  (Propane,  APACHI  ™,  MAPP*), 
natural  gas  and  compressed  air,  when  it  is  necessary  to  re* 
duce  a cylinder  supply  pressure  source  or  a pipeline  system 
source  to  a lower  use  pressure.  Most  regulators  are  similar 
in  appearance,  with  the  principal  difference  being  at  the  in- 
let connection.  Inlet  connection  standards  are  established 
by  the  Compressed  C.as  Association,  the  American  Welding 
Society,  and  the  American  Standard  Association.  It  is 
important  that  the  inlet  connection  of  the  regulator  is 
properly  mated  with  the  supply  valve  connection  as  specified 
by  the  established  standards  for  the  service  intended. 
Checking  proper  mating  will  avoid  putting  the  regulator  into 
wrong  service. 

SECTION  II:  GENERAL  OPERATING 
INSTRUCTIONS 

A.  PUTTING  THE  REGULATOR  INTO  SERVICE 

There  are  general  safety  rules  for  all  gases  and  special 
safety  rules  for  certain  gaseu.  These  are  listed  in  Sections 
HI  and  IV.  Refer  to  these  sections  before  proceeding  to 
operate  the  regulator. 
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1.  Select  a regulator  which  is  proper  for  the  gas  and  the 
service,  making  certain  that  a pipeline  station  regulator 
is  never  attached  to  a compressed  gas  cylinder. 

2.  Inspect  the  regulator  for  evidence  of  damage.  If 
there  is  evidence  of  dirt,  oil  or  grease  at  the  inlet  or 
outlet  connections,  use  trichloroethylene  or  any  good 
commercial  chlorinated  solvent  to  clean  area(s)  af- 
fected. Make  certain  that  solvent  does  not  enter  the 
regulator  while  cleaning  the  soil  affected  areas.  If 
solvent  does  enter  regulator,  send  regulator  to  qualified 
repair  station  for  cleaning.  If  excessive  oil  or  grease 
are  apparent,  do  not  solvent  clean,  but  send  to 
qualified  repair  station  for  cleaning. 

3.  Inspect  the  supply  connection  for  evidence  of  dirt,  oil 
and  grease.  If  evident,  dean  as  in  (2.).  Open  supply 
valve  to  blow  out  any  loose  foreign  material.  (Appli- 
cable only  to  oxygen,  compressed  air  and  inert  gases: 
never  blow  out  flammable  gas  supply  valves.)  Close 
the  supply  source  valve. 

4.  There  are  general  safety  rules  for  all  gases  and  special 
safety  rules  for  certain  gases.  These  are  listed  in 
Sections  111  and  IV.  Refer  to  these  sections  before 
proceeding  to  operate  the  regulator. 

5.  Attach  regulator  to  source  supply  valve  and  tighten 
inlet  nut. 

6.  Make  certain  the  adjusting  knob  is  backed  out  to  its 
maximum  counter-clockwise  position.  In  this  position, 
the  regulator  is  closed  and  no  flow  will  occur. 

7.  Slowly  open  the  supply  valve. 

8.  If  purging  of  a system  is  desired,  as  is  the  case  with 
inert  welding  systems,  or  is  necessary  in  the  case  with 
oxygen/fuel  welding,  oxygen/fuel  cutting  and  oxygen/ 
fuel  heating  systems,  follow  the  procedures  prescribed 
for  the  particular  equipment.  A purging  operation 
is  a means  of  eliminating  unwanted  contaminants  from 
a system.  The  regulator  may  be  used  to  purge  a 
system  by  turning  the  adjusting  knob  in  a clockwise 
manner  to  establish  a slight  flow  through  the  system 
to  the  atmosphere. 
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Typical  Pipeline  Station  Regulator 


9.  The  regulator  can  now  be  adjusted  to  establish  the 
required  use  pressure  by  referring  to  the  proper  gauge. 

B REMOVING  THE  REGULATOR  FROM  SERVICE 

1 . Close  supply  source  valve. 

2.  Vent  the  gases  in  the  regulator  and/or  the  system  to 
the  atmosphere,  or  isolate  the  system  and  vent  the 
gases  in  the  regulator  to  the  atmosphere  by  turning  the 
adjusting  screw  clockwise  to  make  certain  no  pressure 
is  trapped  in  the  regulator. 

3.  Disconnect  the  regulator  from  the  supply  source,  if 
necessary. 

4.  If  the  regulator  is  to  remain  out  of  service,  protect  the 
inlet  and  outlet  fittings  from  dirt,  contamination  or 
mechanical  damage. 

SECTION  III:  GENERAL  SAFETY  RULES 

1 . Never  permit  oil  or  grease  to  come  in  contact  with 
Compressed  gas  cylinders,  valves,  regulators,  hose,  or 
fittings.  Do  not  handle  Compressed  gas  cylinders  with 
oily  hands  or  oily  gloves. 

2.  Do  not  store  oxygen  and  flammable  gas  cylinders 
together.  They  should  be  separately  grouped  and 
assigned  a definite  area  for  storage.  The  area  should 
be  dry,  cool,  well  ventilated,  and  preferably  (ire 
resistant.  Keep  cylinders  protected  from  excessive 
temperature  rise  by  storing  them  away  from  radiators 
or  other  sources  of  heat.  Cylinders  should  always  be 
stored  and  used  in  an  upright  position. 

3.  Always  refer  to  gases  by  their  proper  names  - - 
“oxygen"  and  not  by  the  word  “air",  “acetylene"  and 
not  by  the  word  "gas"  or  "fuel". 

4.  Never  use  compressed  gases  from  cylinders  without  a 
suitable  regulator  attached  to  the  cylinder  valve. 

5.  Never  tamper  with  or  attempt  to  repair  cylinder  valves. 

6.  Never  use  regulators,  hose,  or  other  pieces  of  apparatus 
with  any  other  gases  than  those  for  which  they  were 
intended. 

7.  Never  attempt  to  transfer  gases  to  another  cylinder  or 
mix  gases  in  a cylinder. 

8.  Never  use  compressed  gases  from  pipeline  systems 
without  a suitable  regulator  at  each  withdrawal  point. 

9.  Open  cylinder  valve  fully  when  in  use  for  all  gases 
listed  in  this  instruction  except  acetylene  (see  special 
rules  for  acetylene  in  Section  IV). 

10.  Be  certain  that  the  cylinder  valve  is  tightly  closed  and 
the  cylinder  cap  is  on  before  handling  the  cylinder. 

1 1 . When  returning  empty  cylinders,  make  certain  that 
the  valves  are  tightly  closed  to  prevent  escape  of 
residual  gas. 

12.  Should  a leak  occur  in  a compressed  gas  cylinder,  the 
cylinder  should  be  moved  outdoors  away  from  other 
cylinders,  combustible  materials  or  equipment. 

13.  Removal  ol  leaking  cylinders  to  an  outdoor  location 


is  necessary  because: 

a.  Combust  vie  gases  such  as  hydrogen,  acetylene, 
propane,  and  other  liquefied  petroleum  gases 
create  ftre  and  explosion  hazards. 

b.  Even  inert  gases  such  as  nitrogen,  argon,  and  helium 
create  a hazard  in  that  they  can  act  as  an  asphyxiant 
by  displacing  the  necessary  amount  of  oxygen  in 
in  the  air  to  sustain  life. 

c.  A leaking  oxygen  cylinder  will  increase  the  oxygen 
concentration  in  the  air  in  the  immediate  area  and 
create  a possible  fire  hazard. 

14.  Provide  adequate  ventilation  where  compressed  gas  is 
being  used. 

15.  Never  drop  cylinders  or  permit  them  to  strike  each 
other  violently. 

16.  Avoid  dragging  or  sliding  cylinders,  even  for  short 
distances.  They  should  be  moved  by  using  a suitable 
hand  truck. 

1 7.  Never  tamper  with  safety  devices  in  valves  or  cylinders. 

18.  Know  and  understand  the  properties,  uses,  and  safety 
precautions  of  all  gases  before  placing  in  service. 

19.  Do  not  use  cylinders  as  rollers  for  moving  material  or 
other  equipment. 

SECTION  IV:  SPECIAL  SAFETY  RULES 

When  utilizing  regulators  for  gases  specified  below,  the 
following  additional  safety  and  operational  rules  must  be 
followed: 

OXYGEN 

1.  Never  permit  oil  or  grease  to  come  in  contact  with 
oxygen  cylinders,  valves,  regulators,  hose  or  fittings, 
Do  not  handle  oxygen  cylinders  with  oily  hands  or 
oily  gloves. 

2.  Never  use  oxygen  near  fires,  open  lights  or  flammable 
materials,  especially  grease,  oil  or  any  substance 
likely  to  cause  or  accelerate  fire.  Oxygen  itself  is 
non-flammable,  but  does  support  combustion. 

3.  Before  attaching  a regulator  to  an  Oxygen  cylinder, 
the  inlet  nipple  and  the  porous  filter  in  the  nipple 
should  be  inspected  for  physical  damage  and  con- 
tamination. if  evidence  of  either  is  found,  the  pails 
should  be  cleaned  or  replaced. 

At  regular  intervals  the  filters  in  the  inlet  nipple  and 
the  high  pressure  chamber  should  be  replaced  with 
new  parts. 

ACETYLENE 

I.  Never  use  acetylene  at  pressures  in  excess  of  15  psi. 
The  use  of  higher  pressures  is  prohibited  by  all 
insurance  authorities  and  by  law  in  many  localities. 
To  adjust  tor  increased  volume  requirement,  use  large 
Ik»m  - - not  increased  pressure 


2.  When  opening  an  acetylene  cylinder  valve,  turn  the 
key  about  one  full  turn. 

3.  Should  a leak  occur  in  an  acetylene  cylinder,  take  the 
cylinder  out  in  the  open  air  keeping  it  well  away  from 
fires  or  open  lights. 

4.  Turn  the  acetylene  valve  so  that  the  valve  outlet  will 
point  away  from  the  oxygen  cylinder. 

5.  Keep  sparks,  flames,  and  heat  away  from  acetylene 
cylinders. 

HYDROGEN 

1.  The  wide  flammability  range  and  the  small  amount  of 
energy  required  to  ignite  air/ hydrogen  mixtures 
necessitates  special  handling  of  hydrogen  to  minimize 
possible  damaging  reactions.  Care  must  be  taken 
to  eliminate  sources  of  ignition  such  as  sparks  from 
electrical  equipment,  static  electricity  sparks,  open 
flames  or  any  hot  object.  An  unconfined  hydrogen/ 
air  mixture  wi?l  burn  rather  than  explode.  Con  fined 
hydrogen/air  mixtures,  when  ignited,  explode  with 
great  force. 

2.  The  hazards  associated  with  hydrogen  handling  are 
fire,  explosion  and  asphyxiation.  Fire  and  explosion 
hazards  can  be  controlled  by  employing  proper 
operating  procedures  to  prevent  the  formation  of 
combustible  fuel/oxidant  mixtures  and  by  removing 
or  otherwise  inerting  potential  sources  of  ignition 
(electric  spark,  static  electricity,  open  flames,  etc.) 
in  the  area  where  the  hydrogen  will  be  used. 


Adequate  vent  ik/ ion  will  help  reduce  the  possible 
formation  of  flammable  mixtures  in  the  event  of  a 
hydrogen  leak  or  spill  and  will  also  eliminate  the 
the  potential  hazard  of  asphyxiation. 

3.  Know  and  understand  the  properties,  uses,  and  safety 
precautions  of  hydrogen  before  placing  in  service. 

4.  Keep  sparks,  flames  and  heat  away  from  hydrogen 
cylinders. 

LIQUID  PETROLEUM  GASES 

1.  Liquid  petroleum  gases  (LPG)  include  gases  known  as 
propane.  APACHI  and  MAPP.  Generally,  they  have 
similar  characteristics  in  operation  and  are  treated  the 
same  in  safety  procedures. 

2.  Particular  attention  must  be  directed  towards  ignition 
sources  at  ground  level  as  the  gas  is  heavier  than  air. 

3.  The  hazards  associated  with  the  gases  are  fire  and 
explosion,  asphyxiation  and  cold  temperature  in  a 
case  involving  spills  of  large  quantities  of  this  material. 

4.  The  fire  and  explosion  hazard  may  be  minimized  by 
understanding  the  properties  of  the  gases,  by  estab- 
lishing good  work  practices,  by  providing  adequate 
ventilation  in  work  areas,  and.  by  maintaining  work 
areas  free  from  combustible  materials  and  sources  of 
ignition.  The  vapors  from  the  gases  are  heavier  than 
aii  and  will  remain  at  a low  elevation,  therefore, 
placing  a fire  hazard  at  low  level. 

5 Smoking  or  open  flames  are  prohibited  in  cylinder 
storage  areas. 


IMPORTANT 

Information  contained  in  this  data  sheet  is  offered  without 
charge  for  use  by  technically  qualified  personnel  at  their 
discretion  and  risk.  All  statements,  technical  information 
and  recommendations  contained  herein  are  based  on  tests 
and  data  which  we  believe  to  be  reliable,  but  the  accuracy 
or  completeness  thereof  is  not  guaranteed  and  no  warranty 
of  any  kind  is  made  with  respect  thereto.  This  information 
is  not  intended  as  a license  to  operate  under  or  a recommen- 
dation to  practice  or  infringe  any  patent  of  this  Company 
or  others  covering  any  process,  composition  of  matter  or 
use. 

Since  the  Company  shall  have  no  control  o*  the  use  ot  the 
product  described  herein,  the  Company  assumes  no  liability 
for  loss  or  damage  incurred  from  the  proper  or  improper 
use  of  such  product 
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Set  Up  and  Operating  Instructions 


SAFETY  RULES— OXYGEN 

1.  Never  permit  oil  or  grease  to  come  in  contact  with  oxygen 
cylinders,  valves,  regulators,  hose  or  fittings.  Do  not 
handle  oxygen  cylinders  with  oily  hands  or  oily  gloves. 

2.  Never  use  oxygen  near  inflammable  materials,  especially 
grease,  oil.  or  any  substance  likely  to  cause  or  accelerate 
fire.  Oxygen  itself  is  not  inflammable,  but  does  support 
combustion. 

3.  Oxygen  cylinders  should  be  chained  to  a wall,  post  or  in 
a cylinder  cart  in  the  upright  position. 

4.  Always  refer  to  oxygen  by  i*s  full  name— “oxygen**,  and 
not  by  the  word  **air*\ 

5.  Never  use  oxygen  from  cylinders  without  a suitable  regu- 
lator attached  to  the  cylinder  valve. 

6.  Never  tamper  with,  or  attempt  to  repair,  oxygen  cylinder 
valves. 

7.  Never  ise  oxygen  regulators,  hose  or  other  pieces  of  ap- 
paratus with  any  other  gases  than  those  for  which  they 
were  intended. 

8.  Never  attempt  to  mix  any  other  gases  in  an  oxygen  cylinder. 

9.  Open  oxygen  cylinder  valve  fully  when  in  use. 

10.  Be  certain  that  the  cylinder  valve  is  tightly  closed  before 
handling  the  cylinder  and  that  the  cylinder  cap  is  screwed 
securely  in  place  on  the  cylinder. 


ACETYLENE 

1.  Never  use  acetylene  at  pressures  in  excess  of  15  psi.  The 
use  of  higher  pressures  is  prohibited  by  all  insurance  au- 
thorities. and  by  law  in  many  localities.  To  adjust  for  in- 
creased volume  requirement,  use  larger  hose,— not  in- 
creased pressure. 


2.  Call  acetylene  by  its  full  name,  “acetylene**,  and  not  by 
the  word  “gas".  Acetylene  is  far  different  than  city  gas  or 
furnace  gas. 

3.  Keep  sparks,  flames,  and  heat  away  from  acetylene 
cylinders. 

4.  Should  a leak  occur  in  an  acetylene  cylinder,  take  the 
cylinder  out  in  the  open  air.  keeping  it  well  away  from  fires 
or  open  lights.  Notify  the  manufacturer  at  once. 

5.  Turn  the  acetylene  valve  so  that  the  valve  outlet  will  point 
away  from  the  oxygen  cylinder. 

6.  Acetylene  cylinder  key,  for  opening  the  cylinder  valve, 
must  be  kept  on  the  stem  white  the  cylinder  is  in  use  so 
that  the  valve  may  be  quickly  shut  off  in  an  emergency. 

7.  When  opening  an  acetylene  cylinder  valve,  tum  the  key 
about  one  full  turn. 

8.  When  returning  empty  cylinders,  make  certain  that  the 
valves  are  tightly  dosed  to  prevent  escape  of  residual 
acetylene,  and  that  the  cylinder  cap  is  in  place. 

9.  Never  use  acetylene  regulators,  hoses,  or  other  pieces  of 
apparatus  with  any  other  gases  than  those  for  which  they 
were  intended. 

10.  Never  attempt  to  transfer  acetylene  *rom  one  cylinder  to 
another,  nor  to  refill  an  acetylene  cylinder.  Never  attempt 
to  mix  any  other  gas,  or  gases,  in  an  acetylene  cylinder. 

11.  Never  use  acetylene  from  cylinders  without  reducing  the 
pressure  through  a suitable  regulator  attached  to  the 
cylinder  valve. 

12.  Acetylene  cylinders  should  be  used  and  stored  in  an  up- 
right position,  chained  to  a wall,  post,  or  cylinder  cart. 

13.  Avoid  exhaustion  of  acetylene  from  cylinder  at  a rate  ex 
ceeding  1 7 of  a cylinder's  capacity,  otherwise  acetone  will 
be  drawn  into  the  equipment.  If  greater  volume  is  neces 
sary.  use  manifold. 


INSTRUCTIONS  FOR  SETTING  UP  CUTTING  AND  WELDING  APPARATUS 


A.  Cylinder  Handling  (Handle  only  with  protective  cylinder 

vtlvt  ceps  In  piece): 

1.  Be  sure  that  oxygen  and  acetylene  cylinders  are  in  an 
upright  position  and  chained  to  a wall,  post  or  in  a 
cylinder  cart. 

2.  Only  after  step  one  do  you  remove  the  cylinder  caps 
which  protect  the  cylinder  valves. 

B.  Connecting  Regulators: 

1.  Remove  cylinder  caps. 

2.  Before  attaching  regulators  to  the  appropriate  cylinders, 
blow  out  any  dust  which  may  be  on  the  cylinder  valve 
fitting  by  opening  the  cylinder  valve  for  an  instant  and 
then  closing  the  valve  immediately.  Make  sure  the 
cylinder  valve  outlet  is  facing  away  from  you  and  any 
other  person  and  never  "crack"  a cylinder  valve  near 
an  open  flame. 

3.  Attach  oxygen  regulator  (Green  Adjusting  Knob)  to  oxy- 
gen cylinder  and  tighten  using  wrench  No.  292-8-320156. 


4.  Attach  acetylene  regulator  (Red  Adjusting  Knob)  to 
acetylene  cylinder  and  tighten  using  wrench  No. 
292-8-320156. 

5.  Make  sure  that  adjusting  knobs  (Red  and  Green)  on 
the  regulators  are  release j (tum  knob  counterclock- 
wise until  it  turns  freely). 

C.  Connecting  Welding  Hose  to  Regulators: 

1.  Green  hose  having  right  hand  connection  is  used  for 
oxygen  service. 

2.  Red  hose  having  left  hand  connection  is  used  for  fuel 
gas  service. 

3.  Attach  hoses  to  proper  regulators  and  tighten  nuts 
using  No.  292-8-320156  wrench. 

D.  Opening  Cylinder  Valves: 

1.  Oxygen— With  regulator  in  place  and  adjusting  knob 
(Green)  in  full  counter-clockwise  position,  stand  to  one 
side  of  regulator  (never  stand  directly  in  back  or  in 
front)  and  slowly  open  cylinder  valve  completely.  High 
pressure  gauge  (4000  lb.)  will  register  cylinder  content 
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2.  Acetylene — With  regulator  ir.  place  and  adjusting  knob 
(Red)  in  full  counterclockwise  position,  stand  to  one 
side  of  regulator  as  directed  above  and  slowly  open 
cylinder  valve  one  full  turn  only. 

E.  Blow  Out  Hose  By: 

1.  Oxygen — Turn  green  adjusting  knob  clockwise  until 
5 lb  pressure  is  recorded  on  low  pressure  or  delivery 
pressure  gauge  and  immediately  release  pressure  by 
turning  adjusting  screw  to  complete  counterclockwise 
position. 

2.  Acetylene  or  fuel  gas— Follow  same  procedure  as  de- 
scribed above. 

Important  Note:  Keep  end  of  hoses  away  from  open  flames 
as  you  are  blowing  out  the  hoses. 

f.  Connecting  Welding  Torch: 

1.  With  regulators  and  hoses  attached  as  described  above, 
attach  the  GREEN  oxygen  hose  to  the  welding  torch 
inlet  stem  marked  "OXY.”  Attach  the  REO  acetylene 
hose  to  the  inlet  stem  marked  “FUEL”  and  tighten  with 
wrench  No.  292-8-320156. 

2.  Insert  the  universal  mixer  assembly  into  the  welding 
torch  head  and  screw  nut  hand  tight — no  wrench 
required. 

3.  Screw  desired  size  separable  welding  tip  into  the  mixer. 
Select  the  proper  size  tip  for  the  metal  thickness  to  be 
welded  from  the  chart  on  Page  6 

G.  Adjusting  the  Pressures  for  Oxy  Acetylene  Welding,  Braz- 
ing, and  Heating: 

1.  Partially  open  the  torch  oxygen  valve  and  adjust  the 
oxygen  regulator  until  the  pressure  corresponds  to  that 
listed  for  the  tip  you  have  selected. 

2.  Close  the  torch  oxygen  valve. 

3.  Partially  open  the  torch  acetylene  valve  and  adjust  the 
regulator  pressure,  using  the  chart  similar  to  the  way 
you  did  it  tor  the  oxygen  pressure. 

4.  Close  the  torch  acetylene  valve. 

5.  Note  that  the  regulator  pressure  rises  slightly  when  the 
torch  valves  are  closed.  That  is  the  reason  tor  setting 
the  regulator  at  required  pressure  with  the  valve  open. 
All  pressures  m welding  and  cutting  charts  are  flowing 
pressures  with  torch  valves  open. 

6.  Test  all  connections  to  cylinder.  regulators, and  torch 
using  soap  water— if  bubbles  occur,  retighten. 

H.  Apply  Wefding  Goggles  to  Protect  Eyes  from  Intense  Cut- 
ting, Welding  Brazing  or  Heating  Light: 

I.  Lighting  the  Torch: 

1.  Hold  the  torch  in  one  hand  and  the  spark  lighter  in  the 
other.  (Always  use  a spark  lighter). 

2.  Open  the  fuel  gas  valve  approximately  V*  turn  and  im- 
mediately ignite  using  spark  lighter. 

3.  Point  the  flame  awe.y  from  other  people,  the  cylinders, 
or  any  flammable  materials. 

4.  Adjust  needle  valve  of  torch  controlling  fuel  gas  until 
ignited  fuel  flame  stops  smoking  and  is  ready  to  leave 
the  end  of  the  welding  tip. 

5.  Open  the  torch  oxygen  valve  until  a bright  inner  cone 
appears  on  the  flame.  The  point  at  which  the  feathery 
*dges  of  the  flame  disappears  and  a sharp  inner  ~one 

visible  is  called  the  “Neutral  Flame*’.  Keep  adjusting 
tne  torch  oxygen  valve  back  and  forth  until  you  are  sure 
what  a neutral  flame  looks  like. 


6.  As  the  oxygen  is  brought  in  and  before  the  two  cones 
in  the  flame  become  one.  a “carburizing’ ’ flame  exists. 
When  the  two  inner  cones  become  one  the  flame  is 
“neutral”.  Admission  of  more  oxygen  to  the  tip  will 
produce  an  oxidizing  flame  with  a sharply  defined 
bluish  to  orange  inner  cone  and  an  almost  colorless 
outer  cone.  Use  of  a carburizing  or  oxidizing  flame  wiH 
produce  boiling  in  the  weld  pool  with  resultant  forma- 
tion of  porosity  and  or  scale.  A NEUTRAL  flame  should 
be  used  to  obtain  a clean,  bright,  smooth  weld. 

STEEL  WELDING  (Neutral  Flame) 
OXY/ACETYLENE 

Welding  of  steel  is  not  difficult.  Two  factors  are  important:  de- 
veloping a good  torch  movement  and  selecting  the  proper  heat 
by  flame  adjustment. 

1.  Follow  operating  instructions  on  CONNECTING  WELD- 
ING TORCH. 

2.  Position  metal  for  welding. 

3.  Turn  on  torch  and  adjust  for  a neutral  flame. 

4.  Point  torch  flame  directly  at  point  where  pieces  of  metal 
join  together.  Flame  cone  should  be  just  above  metal 
surface 

5 When  a puddle  of  metal  forms,  dip  end  of  welding  rod 
into  puddle.  Heat  of  molten  puddle  will  melt  rod.  Slowly 
move  torch  back  and  forth  in  a direction  toward  rod. 
The  melted  rod  will  fill  up  the  metal  joint  (see  Pages 
4 and  5). 

6.  When  weld  is  completed,  let  it  cool.  If  weld  is  properly 
made,  it  will  form  a joint  as  strong  as  the  metal  itself. 

7.  For  best  results  on  inch  or  thicker  metal,  grind  a 
bevel  of  30  on  each  edge.  Be  sure  to  fill  gap  in  joint 
with  weld  metal  to  make  weld. 

BRAZE  WELDING  (Neutral  Flame) 

Braze  welding  is  done  by  joining  pieces  of  metal  without  ac- 
tually melting  the  parent  metal.  The  parent  metals  to  be  joined 
must  be  heated  to  a temperature  slightly  above  the  melting 
temperature  of  the  brazing  rod.  Insert  the  rod  into  the  «oint  al- 
lowing it  to  melt  and  flow  into  and  around  the  joint,  forming  a 
strong  bond.  Clean,  fresh  flux  must  be  applied  as  the  operation 
proceeds  to  reduce  oxidation  and  float  oxides  to  the  surface. 

The  big  advantages  of  braze  welding  over  steel  welding  are 
that  different  metals  can  be  joined  together,  and  repairs  can 
be  made  on  cast  iron. 

Before  braze  welding,  the  surfaces  to  be  joined  should  be  clean 
and  properly  fitted.  Heat  the  joint  until  both  pieces  are  a dull 
red  color,  and  dip  the  rod  into  the  can  of  .all-purpose  flux.  (The 
flux  will  stick  to  the  rod).  When  the  flame  is  now  applied  to 
the  rod  and  joint,  the  rod  will  melt  and  flow  over  the  joint 
area  and  bond  the  pieces  together. 

SILVER  BRAZING 

Silver  brazing  is  faster  than  bronze  brazing  because  silver  has 
a lower  melting  point  than  bronze.  However,  silver  will  not 
bridge  a gap  as  welt  as  bronze,  so  it  is  important  to  have  a tight 
joint  of  metal  parts  when  silver  brazing.  Apply  the  flux  directly 
to  the  joint  of  the  metal  parts,  then  heat  with  the  torch.  When 
heat  has  dehydrated  the  flux  and  flux  becomes  water  clear,  the 
brazing  alloy  is  applied  to  the  joint  and  by  capillary  action  silver 
alloy  will  follow  path  and  heat. 
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SET  UP  AND  OPERATING  INSTRUCTIONS 


Typical  Welding  Joint  Designs 


30*^45° 
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A— Lap  joint  in  flat  position  (Sheet  Steel). 

B— Butt  joint  in  flat  position  (Sheet  Steel). 

C— Range  joint  in  flat  position. 

0 and  E— Outside  corner  joints. 

F and  G— Inside  comer  joints.  G is  also  called  a T-joint. 
H,  I,  J and  K— Joint  designs  for  metal  plate.  Note:  A 
filler  metal  (welding  rod)  is  used  when  wolding  joints 
A,  B and  E.  Joints  C and  D require  no  filler  metal.  The 
pieces  themselves  melt  to  form  the  bead  and  join 
together. 


Recommended  Welding  Techniques 


ROD 

MOVEMENT 


TORCH 

MOVEMENT 


Butt  Joint  - Horizontal  Weld  - Multiple  Pass 


FIRST  PASS 

ROD  TORCH 

MOVEMENT  MOVEMENT 
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SECOND  PASS 
ROD  TORCH 

MOVEMENT  MOVEMENT 
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Set  Up  and  Operating  Instructions 

Tip  Pressure  Charts 


Metal 

Thickness 

Inches 

CUTTING  TIPS 

Oxygen 
Tip  Pressure 

Size  PSI 

Full 

Acetylene 

Pressure 

PSI 

V 

00 

30 

3 

Va*1 

0 

30 

3 

V 

1 

30 

3 

l/2* 

1 

40 

3 

%* 

1 

45 

3 

r 

2 

5*3 

3 

i%“ 

2 

60 

4 

w 

3 

45 

4 

2* 

3 

50 

4 

2xh* 

4 

50 

4 

3" 

45 

4 

4* 

5 

60 

4 

Metal 

Thickness 

Inches 

WELDING  TIPS 

Oxygen 
Tip  Pressure 

Size  PSI 

Full 

Acetylene 

Pressure 

PSI 

*4* 

00 

V/2 

1 

0 

1 

Vie* 

1 

2 

V/2 

¥*' 

2 

2VV 

2 

W 

3 

3Vfe 

3 

%6* 

4 

5 

4 

%* 

5 

6 

5 

Vl6* 

6 

7 

6 

V 

7 

8 

7 

V 

8 

8 

7 

PSI- 

-pounds  pressure  per  square  inch 

USING  THE  CUTTING  ATTACHMENT 

1.  Follow  set  up  instructions  for  Connecting  Welding  Torch 
(see  Page  3— Item  F). 

2.  Make  sure  needle  valves  on  oxygen  and  acetylene  are 
closed. 

3.  Connect  cutting  attachment  to  welding  torch  handle  and 
tighten  connecting  nut  hand  tight— (use  no  wrench). 

4.  Select  the  tip  size  suitable  for  the  job  from  the  cutting  tip 
selection  chart. 

5.  Be  sure  that  the  taper  cone  seat  on  the  cutting  tip  is  free 
from  dirt  and  nicks  and  insert  into  the  cutting  attachment 
head. 

6.  Tighten  tip  nut  using  No.  292-8-320156  Wrench— Do  not  use 
excessive  force. 

7.  Adjust  regulators  to  recommended  pressures  as  per  cut- 
ting tip  selector  chart. 

8.  First— Open  oxygen  valve  on  the  welding  torch  handle 
completely . This  oxygen  valve  supplies  the  preheat  oxy- 
gen adjusted  by  the  valve  on  the  cutting  attachment  as 
well  as  the  cutting  oxygen  lever. 

9.  Open  preheat  oxygen  valve  on  cutting  attachment  and  de- 
press cutting  oxygen  lever.  Adjust  oxygen  regulator  to 
pressure  recommended  in  chart  below  while  oxygen  is 
flowing  through  the  cutting  attachment.  Release  cutting 
oxygen  lever  and  close  preheat  oxygen  valve  tightly. 

10.  Open  acetylene  valve  on  welding  torch  handle  and  adjust 
acetylene  regulator  to  recommended  pressure  while  gas 
is  flowing.  Close  acetylene  valve  on  welding  torch. 

11.  To  light  the  preheat  flame,  open  the  acetylene  valve  on 
torch  handle  about  V?  turn  and  immediately  ignite  with 
spark  lighter. 


12.  Open  the  acetylene  valve  until  the  flame  clears  the  end  of 
the  tip  about  of  an  inch,  then  reduce  slightly  to  return 
the  flame  to  tip. 

13.  Slowly  open  the  preheat  oxygen  valve  until  a neutral  flame 
is  established— sharp  inner  cones. 

14.  After  the  neutral  flame  has  been  established  as  described, 
depress  the  cutting  oxygen  lever.  Note  that  the  preheat 
flames  change  slightly  from  neutral  to  a carborizing  flame 
with  a feather. 

15.  With  the  cutting  oxygen  lever  in  the  depressed  position, 
readjust  the  preheat  oxygen  valve  until  the  preheat  flames 
are  again  neutral. 
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USING  THE  CUTTING  TORCH- 
OXYGEN  ACETYLENE  OR 
OXYGEN  PROPANE 

1.  Reference  the  proper  cylinder  handling,  safety  precau- 
tions  and  installation  of  regulators— See  Page  2— Items  A 
thru  E. 

2.  Attach  the  Green  oxygen  hose  to  the  cutting  torch  inlet 
stem  marked  “OXY".  Attach  the  Red  fuel  gas  hose  to  the 
cutting  torch  inlet  stem  marked  “FUEL  GAS".  (Left  hand 
thread). 

3.  Tighten  nuts  with  wrench  No.  292*8’ 320156. 

4.  Make  sure  both  needle  valves  are  dosed. 

5.  Select  the  tip  size  suitable  for  the  job  from  the  cutting  tip 
selector  chart. 

HOW  TO  START  CUTTING  USING  A CUTTING 
ATTACHMENT  OR  CUTTING  TORCH 

1.  Item  of  steel  to  be  cut  should  be  placed  where  flammable 
materials  cannot  be  ignited  by  the  molten  metal  and  sparks 
from  the  welding  or  cutting  operation.  Be  sure  hoses  are 
clear  of  molten  metal  and  sparks. 

2.  Take  your  time  and  direct  the  preheat  flame  over  the  steel 
to  be  cut  holding  the  end  of  the  preheat  flame  just  above 
the  steel  to  be  cut. 

3.  When  a cherry  red  spot  appears  and  the  steel  begins  to 
melt,  depress  the  cutting  oxygen  slowly. 

4.  When  the  cut  has  started,  move  the  torch  in  the  direction 
you  wish  to  cut.  A good  cut  is  indicated  by  its  sound  of 
sputtering  (similar  to  tearing  sandpaper)  and  a steady 
stream  of  sparks  and  molten  metal. 

TURNING  OFF  THE  CUTTING  ATTACHMENT 
OR  CUTTING  TORCH 

Shut  off  and  close  the  acetylene  needle  valve  first.  Then  close 
the  oxygen  valve  on  the  cutting  torch. 

REPAIR  PROCEDURES 

When  repair  of  equipment  becomes  necessary,  contact  the 
local  Air  Products  district  office  or  authorized  Air  Products  dis- 
tributor—Consult  the  yellow  pages  for  the  office  nearest  you. 


6.  Be  sure  that  the  taper  cone  seat  on  the  cutting  tip  is  free 
from  dirt  and  nicks  and  insert  in  the  cutting  attachment 
head. 

7.  Tighten  tip  nut  using  No.  292  8-320156  Wrench— Do  not  use 
excessive  force. 

8.  Adjust  regulator  to  recommended  pressure  as  per  cutting 
tip  selector  chart. 

9.  Open  oxygen  valve  on  cutting  torch  and  depress  cutting 
oxygen  lever.  Adjust  regulator  to  pressure  recommended 
in  cutting  tip  chart  while  oxygen  is  flowing  through  the 
torch.  Close  valve  securely. 

10.  Open  fuel  gas  valve  on  cutting  torch  and  adjust  fuel  gas 
regulator  to  recommended  pressure  while  gas  is  flowing. 
Close  needle  valve  securely. 

Important  Note:  Make  sure  that  no  open  flame  is  present  when 
the  above  adjustments  are  made. 

TOTAL  SHUT  DOWN  OF  WELDING 
EQUIPMENT,  CUTTING  ATTACHMENT  AND 
CUTTING  TORCHES 

1.  Shut  off  both  cylinder  valves  first. 

2.  Open  fuel  gas  needle  valve  on  torch  and  ignite  and  burn  off 
residual  fuel  gases. 

3.  Shut  off  fuel  gas  needle  valve  securely. 

4.  Open  oxygen  needle  valve  on  torch  and  release  residual 
oxygen. 

5.  Shut  off  oxygen  needle  valve  securely. 

6.  Turn  both  oxygen  (Green)  and  fuel  gas  (Red)  regulator 
adjusting  screws  completely  counterclockwise. 

7.  Flashbacks  may  result  from  mixed  gases  in  either  oxygen 
or  acetylene  hose.  By  following  these  rules  acetylene  will 
net  get  over  into  the  oxygen  line  nor  oxygen  over  into  the 
acetylene  line  when  starting  up  or  shutting  down.  If  the 
torch  flame  is  properly  adjusted  and  maintained,  with  the 
correct  pressures,  and  the  tip  outlets  kept  free  from  ob- 
struction, flashbacks  will  be  eliminated. 

8.  The  regulators  must  be  removed  before  moving  the  cylin- 
ders. Replace  the  cap  over  the  cylinder  valve  before  cylin- 
ders are  unchained  from  wall,  post  or  cylinder  cart. 


WARRANTY 


The  Company  werrenfs  that  the  poods  to  be  supplied  hereunder  will  conform  to  the  description  on  the 
invoice;  thet  it  will  convey  pood  title  thereto , that  such  goods  will  be  delivered  tree  from  any  lawful 
security  interest  or  other  hen  or  encumbrance  unknown  to  Buyer,  and  that  such  goods  will  be  of  mer- 
chantable quality.  As  to  goods  manufactured  by  Compeny,  Company  warrant .*  that  such  goods  shall  be 
free  from  defects  m materials  or  workmanship  tor  a period  of  one  year  from  the  date  of  delivery  thereof, 
except  thet  Compeny  metres  no  warranties  of  merchantability  or  otherwise  with  respect  to  design  if  the 
poods  are  made  in  compliance  with  Buyer’s  design  or  specifications. 

There  is  no  warranty  that  the  goods  shell  be  fit  for  any  particular  purpose,  nor  is  there  any  warranty, 
express  or  implied,  except  such  as  is  expressly  set  forth  herein.  The  Comoany  shall  not  be  ZiaWe  for  any 
incidental  or  consequential  damages  for  any  breach  of  warranty,  the  Company's  liability  and  the  Buyer’s 
exclusive  remedy  being  expressly  limited  at  the  Company's  option  to  the  repair  of  defective  goods  or  the 
replacement  thereof  with  conforming  goods  at  the  delivery  point  shown  on  the  invoice  or  the  repayment 
of  the  purchase  price. 

Replacement  o'  defective  goods  or  repayment  of  the  purchese  price  therefor  will  be  made  only  upon  return 
of  the  defective  goods  which  may  be  returned  at  the  cost  of  the  Compeny  only  after  inspection  by  the 
Company  and  receipt  by  Buyer  of  definite  shipping  instructions  from  the  Company. 

As  to  goods  not  manufactured  by  Company,  the  sole  ohhpetion  of  Company  shaft  be  to  obtain  tor  Buyer 
from  the  manufacturers  thereof  the  standard  warranty  available  from  such  manufacturers  and  to  tend 
the  Buyer  reasonable  assistance  with  respect  to  the  enforcement  thereof. 
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COMBINATION  WELDING  AND  CUTTING  REDI-SET®  OUTFITS 


HEAVY  DUTY 

(a)  Inlet  Conn.  CG A 300 

(b)  Inlet  Conn.  CG  A BIO 
(cl  Inlet  Conn.  CGA  520 


OUTFIT 


COMM. 

NO. 


MEDIUM  211-N-2103 
DUTY  [ 21 1-J-2108~ 
Ihrd'dType  | 21 1-A-2204 
Cutting  Tips  1211-D-2208 


WELDING 

TORCH 


WELDING 

TIPS 


224-7-2820 


Style  160 

Sizes  1,3,5 


CUTTING 

ATTACH. 


223-4-5229 


CUTTING 

TIPS 


Stylo  121 
Size  1 


224- L *38 0068 
Mixer 


OXYGEN 

regulator 


231-N-1 10154 


ACETYLENE 

REGULATOR 


231-T-1 13130  (a) 


231-T-1 13130  (a) 


231-F-1 13351  (b) 


231-F-1 1 3351  <t>> 


ACCESSORIES 


HOSE 


OTHER 


3/16"  12V  291-K-3021  Goggles  933-H-6500 
3/16"  25*  291-C-3022^ 


3/16"  1 2 V 291-K-3021  Lighter  292-0-1111 


3/16"  28'  291-C-3022 


MEDIUM 

DUTY 

Conical  Type 
Cutting  Tip* 


21 1-X-2102 


231  T-113130  (a| 


3/16"  12V  291  -K-3021  [Goggles  933-H-6505 


211-R-2107 


MEDIUM  DUTY 
All  Purpose 
Conical  Tip* 


21 1-H-2203 


224-7-2820 


Style  150 
I Sizes  1,3,6 


233*  Y -622 9 


St  le  169SL 
Size  1 


224- L- 38 00 66 
Mixer 


231-N-110184 


231-T-1 13130  (a) 


3/16"  26'  291-0-3022 


231-F-1 13351  (b) 


3/16"  1 2 V 291 -K-3021  L^hter  292-D-1111 


21 1-L-2207 


231-F-1 13361  (b| 


3/16"  26'  291  -C-3022 


21 1-F-21 04 


211-4-2206 


224*7-2820 


HEAVY  DUTY  211-1-3100 


*224-3-3820 


Conical  Tip*  211-T-3200 


AIRCRAFT 


~]~211*R* 


1401 


Conical  Tips  211-5-1201 


224-7-1921 


Style  120 
Tlp/Mlxer 
Sizes  1,3,6 


223-Y-6229 


Style  160SL| 
Size  1 


Style  226 
Htg. 

Tip  Assy. 


231-T-1 13130  (a) 


231-N  110164 


231-F-1 13381  lb) 


3/16"  25'  291 -C-3022 


Gogglet  933- H -6605 
Lighter  292-D-111* 


Style  130 
Tlp/Mlxer 
Sizes  1,3,5 


223-R-6329 


Style  169 
Size  2 


231-7-140084 


Style  140 
Sizes  0,2 


223-8-6129 


-1 


Style  1414 
Size  1 


224-7-4 00068 
Mixer 


231-N-110184 


231  -A  143030  (a) 


1/4"  60' 


231-E-143151  lb) 


Goggles  933-H-660b 
29 l-F-4123  ! Lighter  292  0 1 1 1 1 

| Wrench  292-8-320156 


231  Y-1 13452  (c) 


Goggles  933-H-6505 


3/16"  12  V 291-D-3031  ) 

“ ‘"A"  Conn,  one  end,  "B"  1 
231-F-1 1 3351  (b)  Conn,  other  end  | Lighter  292-D-1111 


./'J. 


A 


'fyoetucfa  an/  Chmical* 


PUT  IT 


TO:  A.  Lapin 

FROM:  J.  J.  Kokinda 

cc:  W.  R.  Collins,  Jr. 


IN  WRITING 

DATE:  October  25,  1971 

SUBJECT : 1200  Series  Regulator  - Material 

of  Construction  #231-0-120054  (Oxypen) 
Drawing  #000-0-4Q7004e  Rev.  F,  June  7.  1971 
(Doc.  #99000290) 


Materials  of  construction  of  the  various  parts  of  APCI  Oxypen  regulators  are 
tabulated  below.  Part  numbers  are  identified  on  the  attached  sketches  #1 
and  2. 


Part  No.  Part  Name 


Material 


1 

2 

3 

3a 

3b 

3c 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 
15a 
15b 

15c 

lb 


Body 

Bonnet 

Diaphragm  Assembly 
Diaphragm 

Washer 

Plate 

Gauge,  60  psi  2-1/2" 
Gauge,  4000  psi  2-1/2" 
Naneplate,  green 
Inlet  nipple 
Inlet  nut 
Inlet  Filter 
Outlet  Bushing 
Cap  nut 

Adj . knob  - green 
Bearing 
Ball  Bearing 
AdJ.  Screw  assembly 
adj . screw 
spring  button 

stop  pin 
Adj.  spring 


Aluminum  Alloy  b06l-T6 
Aluminum  Alloy  b06l-T6 
Molded  Assembly 

Starglc  #MUb0-708  - Chloronrene  (ASTM 
D735-53T  SC712  BE,E3,  Fg) 

Brass  - ASTM  B3b-49T  - Alloy  b or  8 - 1/2  HD. 
Brass  Forging  - ASTM  B124-49  Alloy  #2 
Brass 
Brass 

Laminated  aluminum  foil  - (Alt.  - Plioform) 
Brass 

Brass  - ASTM  B16-49 

Sintered  Bronze  - Grade  fine  (1000) 

Brass,  1/2  HD  - ASTM  B16-52 
Aluminum  - 2011-T3 
Phenolic 

St.  Stl.  tp.  302 

Nice  ball  bearing  #5^73  (Cat.  125A) 

St.  Stl.  tp.  4lb 

Coppe* -silicon  alloy  - ASTM  B98-52  Alloy 
#A7-hard  temper 
ESNA  790028-125-0500  or  eq. 

Stl.  ASTM  A229-41,  Cad.  PI. 
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Part  No.  Part  Name  Material 


IT 

See  03 

18 

Safety  Cap 

Aj.uninum-Alcoa  2011-T3  or  Eq. 

19 

Molded  Safety  Valve 

19a 

Seal 

Star-Glo  0MN6O-7O8  Chloroprene  ASTM  D735-58T 
SC712  BE,  E3,  Fg 

19b 

Stem 

Braes  - ASTM  B16-&9  - 1/2  HD. 

20 

Safety  Spring 

St.  Stl.  Tp.  302 

21 

Valve  Stem 

St.  Stl.  tp.  Ul6  ASTM  A276-55  (alt.  st.  stl. 
tp.  303  ASTM  A276-55) 

22 

Filter 

St.  Stl.  tp.  318  or  eq.  - Chrysler  Corp., 
Amplex  Stl.  gr.  20 

23 

Plunger  Spring 

St.  stl.  tp  302 

2k 

Back  cap 

Aluminum  - 2011-T3 

25 

0-ring 

Cloroprene,  Durometer  70,  SC  712  BE,  E3,  F„ 

26 

Seat 

Nylon 

27 

Valve  Pin 

St.  Stl.  18-8,  tp.  303  ASTM-57T  - cold  worked 
high  tensile  - polished  - min.  yield  strength 

100,000  psi  - min.,  tensile  strength  125,000 
psi. 
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Date  July  26,  1971 


INTER-OFFICE 

MEMORANDUM 


To  B.  W-  Taylor 

From  A.  T .Apt n 

cc : C . McKinley 

J.  C.  Tafuri 

K.  Wilson  (APL) 


Subject  Testing  of  Screens  to  be  used 
in  Oxygen  Compressor  Suction 

(Location.  Organization,  or  Department) 
(Location.  Organization,  or  Department) 


This  memo  is  issued,  as  per  your  request,  to  summarize  test  work  performed  on 
October  16,  1970,  to  evaluate  the  performance  of  screens  to  be  used  in 
conjunction  with  stainless  steel,  perforated  plates  with  3/8”  holes  in  the 
oxygen  compressor  suction.  The  design  calls  for  the  following: 

a.  1/8”  hole  in  support  plates  400  psi  burst  pressure 

b.  1/4"  hole  in  support  plates  250  psi  burst  pressure 

c.  3/8"  hole  in  support  plates  70  psi  burst  pressure 

The  tests  were  performed  by  E.  Sherer  in  the  presence  of  the  following: 

B.  Taylor,  J.  Tafuri  ana  A.  Lapin.  The  equipment  used  is  sketched  in  Figure  1. 

The  first  test  was  run  with  a plastic  sheet  alone,  and  the  plastic  burst 
pressure  was  18  psi,  with  the  3/8"  hole. 

Then,  several  tests  were  run  with  three  different  screens  3/4"  diameter,  with 
a loose  plastic  sheet  as  a sealant.  No  failures  of  the  screens  were  obtained 
up  to  400  psi  with  pressure  maintained  for  3-5  minutes.  The  pressure  was  then 
released . 

A small  1/16"  hole  was  punctured  in  the  screen,  and  testing  repeated.  The  system 
was  again  sealed  with  loose  plastic  sheets.  Ho  failure  occurred  at  200  psi, 
and  the  screen  hole  did  not  increase  in  size.  Several  layers  of  plastic  were 
required  to  keep  the  set-up  reasonably  tight. 

A 3/16"  cut  was  made  in  the  screen,  and  the  test  repeated.  The  system  was  made 
tight  with  plastic,  and  no  failures  occurred  up  to  400  psi.  However,  the  cut 
opened  up  in  size.  At  200  psi  the  screen  cut  remained  intact. 

Two  cuts  at  right  angles,  3/16"  each,  were  made  in  the  screen,  and  again  the 
system  pressurized,  with  a loose  plastic  sheet  as  a sealant.  No  failures 
occurred  at  200  psi;  however,  the  opening  grew  in  size,  but  there  was  no 
tearing  of  the  screen. 

In  conclusion,  the  monel  screen  that  you  supplied  for  testing,  100  mesh,  0.0045" 
diameter  wire,  was  tested  successfully  over  a 3/8"  hole,  and  was  found  to  maintain 
its  integrity  at  pressures  up  to  200  psi,  even  with  small  punctures  or  cuts. 

DRIGINAC  SIGNED  BY 


AL/plr 
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November  1,  1968 
Insulation  Materials  for 
Cryogenic  Systems 


cc:  C.  E.  Hepler 

S.  S.  Paterno 


W.  L.  Ball 
F.  K.  Kitson 


This  memo  is  in  reply  to  your  note  regarding  the  flammability  tests  on  insulation 
materials  reported  in  the  memo  from  G.  Schmauch  to  A.  Karalis  dated  October  24,  1968. 
This  vill  also  serve  to  record  the  general  safety  philosophy  which  has  been  agreed 
upon  by  S.  Paterno  and  the  writer. 

As  you  will  recall,  a considerable  number  of  tests  have  been  run  on  insulating 
materials;  principally,  urethanes  in  air  and  in  oxygen  enriched  atmospheres 
ranging  up  to  35?.  These  tests  were  conducted  in  an  enclosure  which  was  provided 
with  a glass  panel  to  permit  observation  of  the  re stilts  of  the  tests.  The  atmos- 
phere in  the  enclosure  was  established  and  then  the  tip  of  a propane  torch 
flame  was  impinged  on  the  urethane  sample.  The  tests  that  had  been  run  in  the 
past  indicated  Milfoam  urethane  insulation  as  being  the  most  fire  resistive 
’ urethane  insulating  material  available  on  the  market  at  that  time.  One  of  the 
areas  discussed  in  the  cost  reduction  program  was  finding  an  alternate  to 
Milfoam  which  would  keep  the  Milfoam  Corporation  competitive  when  quoting  to 
APCI. 

Within  the  past  six  months,  a urethane  was  tested  which  appeared  to  offer,  for 
all  practical  purposes,  a comparable  degree  of  fire  resistivity  to  the  Milfoam. 

This  material.  National  Gypsum  Blue,  is  being  used  in  the  design  specifications 
as  an  alternate  to  Milfoam. 

In  addition  to  the  burning  tests,  a test  was  performed  to  determine  the  reaction 
of  several  urethanes  saturated  in  LOX  when  a source  of  impact  was  added.  These 
tests  indicated  the  reaction  resulted  in  a very  rapid  rate  of  combustion  but 
did  not  result  in  an  explosive-type  of  reaction. 

Based  on  an  evaluation  of  the  above  test,  it  has  been  the  writer’s  recommendation 
to  Design  Engineering  that  the  following  guidelines  be  used  Jn  specifying  insulation 
for  cryogenic  systems. 
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1.  LOX  Systems 

Foam-das  should  be  continued  as  the  only  material  suitable  for 
installation  on  LOX  piping.  One  deviation  was  granted  at  Cleveland 
where  the  close  proximity  of  the  piping  did  not  permit  the  use  of 
Foam-das . In  this  instance,  Milfoam  was  approved  with  the  additional 
precaution  of  providing  Foam-das  insulation  for  a distance  of  5 feet 
on  either  side  of  any  possible  points  of  leakage  such  as  flanges  and 
valves. 

In  reply  to  a question  raised  by  S.  Paterno,  I have  indicated  that 
on  any  long  isolated  runs  of  LOX  piping  I believe  it  would  be  practical 
to  use  the  same  approach  as  used  at  Cleveland  and  use  Milfoam  with 
barriers  of  Foam-das  at  points  of  leakage.  This  area  will  be  discussed 
further  with  Design  Engineering  vben  the  need  arises. 

2.  Liquid  Hydrogen  Piping  Systems 

The  writer  had  approved  the  use  of  Milfoam  several  years  ago  on  liquid 
hydrogen  piping  and  therefore  also  approved  the  use  of  National  Gypsum 
Blue.  Your  note  indicated  the  use  of  National  Gypsum  Green  at  the 
New  Orleans  liquid  hydrogen  facility.  As  I recall  the  circumstances, 
an  order  was  placed  with  Milfoam  for  all  liquid  hydrogen  piping 
insulation.  However,  due  to  the  limited  manufacturing  of  the  facility 
of  Milfoam  Corporation,  it  was  necessary  to  approve  an  alternate 
urethane  to  meet  the  project  schedule.  At  that  time,  the  tests  had 
indicated  that  National  Gypsum  Green  was  preferable  to  the  other 
urethanes  that  were  available. 

3.  LNO  Systems 

The  original  design  specifications  for  urethane  insulation  on  the  \ 

Esso  exchangers  and  piping  (at  higher  elevations)  required  the  use  of 
Milfoam.  As  the  Milfoam  Corporation  could  not  supply  the  quantities 
of  insulation  required  with  this  project  and  tests  had  Just  been 
completed  which  established  National  Gypsum  Elue  as  being  an  approximate 
equal  to  Milfoam  in  fire  resistivity,  it  was  recommended  to  the 
customer  that  National  Gypsum  Blue  be  specified  as  an  alternate  to 
Milfoam.  Tests  were  then  conducted  by  Esso  research,  the  results  of  which 
concurred  with  our  tests  and  satisfied  the  customer  as  to  the  fire 
resistivity  and  structural  integrity  of  the  National  Gypsum  Blue 
insulation  after  being  subjected  to  a severe  flame  test. 

4.  Inert  Cryogenes  Below  the  Dew  Point  of  Air 

The  insulating  materials  approved  for  these  systems  are  Milfoam  and 
National  Gypsum  Blue. 
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5.  Inert  Cryogenes  *bove  the  Dev  Point  of  Air 

As  the  problem  of  cryo-pumping  and  oxygen  enrichment  in  an  insulating 
system  which  is  broken  does  not  exist,  we  have  approved  the  use  of 
any  urethane  which  is  self-extinguishing  in  an  air  atmosphere  such 
as  UNARCO. 

I have  heard  numerous  reports  that  our  competitors  utilize  urethanes  on 
LOX  piping.  I suspect  that  their  selection  of  urethanes  is  not  based  on 
tests  such  as  APCI  has  conducted  and  there  have  been  no  reports  of  serious 
problems  due  to  this  practice. 

The  above  information  was  dictated  without  the  benefit  of  reviewing  the 
voluminous  material  that  has  been  accumulated  on  this  subject.  I believe 
the  information  is  accurate.  Discussion  with  S.  Paterno  and  C. 

Kepler  indicated  that  the  Design  Section  would,  when  time  was  available, 
review  all  the  tests  that  had  been  run  and  compile  a summary  of  the  tests 
tinu  the  evaluation  of  the  tests.  As  there  is  a substantial  savings  in  the 
use  of  utethane  insulation  over  Foao-Glas  and  the  exposure  appears  to  be 
very  minimal,  it  is  my  opinion  that  the  policies  stated  above  are  realistic 
and  should  be  continued. 


ORIGINAL  SIGNED  BY 


F.  K.  Kitson 


FKK:bp 

(Retyped  September  26,  1972,  cju) 
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Date  October  24.  1968 
SUBJECT:  Flamnabillty  Tests  on 
Insulation  Materials  WO  LA-0333 

cc:  W.  L.  Ball 

H.  C.  Halle tt 
b.  P.  Latshav 
A Lapin 
C.  McKinley 


TO:  A.  J.  Karalis 

PROM:  0.  K.  Schmauch 


As  you  requested,  flammability  tests  were  performed  on  four  samples  of 
insulation  material.  The  tests  were  performed  by  observing  the  burning 
characteristics  of  the  material  when  exposed  to  a flame  in  air  and  when  exposed 
to  a flame  in  air  immediately  after  soaking  in  enriched  liquid  air  (Uo£  oxygen) 
for  a few  minutes.  The  materials  tested  are  listed  below  with  the  results  of 
the  tests. 


Material 


Vascooel 


Milfoam 


Flammability  in  Air 


Flammability  in  Air  After 
Exposure  to  Enriched  Liquid  Air 


Burned  in  flame,  self-  Burned  more  intensely  in  flame  until 

extinguished  immediately  liquid  air  in  pores  had  evaporated 

upon  removal  from  flame  then  acted  as  in  air  alone. 


Same  as  above 


Same  as  above 


National  Gypsum 
(green) 


Burned  in  flame,  self-  Same  as  above 

extinguished  upon  removal 
from  flame  with  some 
after  glow. 


Foam-Glas 

(Corning) 


Did  not  burn  - appeared  to  Responded  as  in  air. 

melt  at  point  where  flame 

struck  the  surface.  Heated 

areas  became  extremely 

brittle 
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In  addition,  a sample  of  Vacocel  and  a sample  of  Milfoam  were  tested  in  the 
following  manner.  A 3/16"  diameter  hole  was  drilled  about  2"  deep  into  a 
1"  x 1"  x 3"  sample  of  Milfoam  and  into  a 1/2"  x 1"  x 3"  sample  of  Vascocel. 
These  samples  were  immersed  in  the  40?  oxygen  enriched  air  and  the  hole 
filled  with  liquid.  The  samples  were  then  exposed  to  the  flame  at  the  hole 
opening.  In  both  cases,  extensive  burning  persisted  even  after  removal  from 
the  flame  until  the  enriched  liquid  air  had  been  consumed  or  evaporated. 


ORIGINAL  SIGNED  BY 


George  £.  Schmauch 


GES:mes 


(Retyped  9/26/72  db) 
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LINDE  AIR  FRACTIONATION  PLANT  EXPLOSION 

by 

A.  Lang 


Safety  in  Air  and  Ammonia  Plants 


Volume  b,  PP71-80 
1962 
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SAFETY  IN  AIR  AND  AMMONIA  PLANTS 

*>y 

P.  W.  Reynolds 

Imperial  Chemical  Industries 


Safety  in  Air  and  Ammonia  Plants 


Volume  2,  PP31-36,  i960 
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OXYGEN  PLANT  REBOILER  EXPLOSION 

by 


R.  W.  Rots.ler 


Safety  in  Air  and  Ammonia  Plants 


Volume  2,  PP31-36 , i960 


A 


OXYGEN  PLANT  VAPORIZER  EXPLOSION 
by 

G.  T.  Wright 

Dominion  Foundry  and  Steet,  Ltd. 

Safety  in  Air  and  Ammonia  Plants 
Volume  3.  PP9-12,  1961 


\ 


APCI  DOCUMENT 

NO  91000X17 


A 


Titm&wti-  and  C4emiea& 


OXYGEN  PLANT  EXPLOSION 

by 


L.  G.  Mathews 


Safety  in  Air  and  Ammonia  Plants 


Volume  3,  PP12-16,  1961 


A 
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OXYGEN  TRAILER  FIRE 
Ijy 


G.  G.  Pinney 


Safety  in  Air  and  Ammonia  Plants 


Volume  ky  PPU9-50,  1962 


National  Cylinder  Gas  Co. 
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DISCUSSION  OF  ENERGY  RELEASE 
IN  A LIQUID  OXYGEN  PUMP 

by 


V.  Leonard  Ball 


Air  Products  and  Chemicals,  Inc. 
Safety  in  Air  and  Ammonia  Plants 


Volume  5,  PPU1-U2,  1963 
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LIQUID  OXYGEN  PUMP  FAILURES 


J.  J.  Rendos 


Safety  in  Air  and  Ammonia  Plants 


Volume  9,  P5,  196? 
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H.M.S.  Eagle  - X 0U25 


Object  of  Visit 

During  normal  operation  of  the  port  LCX  plant  on  H.M.S. 

Eagle  a fire  started  in  the  H.P.  oxygen  storage  system  which  caused 
considerable  damage  to  the  plant  equipment  and  severe  damage  to  the 
equipment  in  the  near  vicinity.  The  object  of  the  service  visit  was 
to  advise  what  work  should  be  carried  out  to  put  the  plant  in  working 
order,  and  to  make  any  suggestions  with  regard  to  the  safety  of  the 
plant. 

Brief  Description  of  Incident 

The  opening  of  a storage  valve  is  known  to  be  the  initiating 
event  causing  the  fire.  The  pipework  burnt  back  to  the  necks  of  the 
three  bottles  in  service.  In  doing  so  the  fire  oenetrated  the  deck 
above  the  storage  bottles  and  also  burnt  and  severed  the  dump  line  from 
the  LOX  storage  tank.  It  is  probable  that  the  majority  of  the  contents 
of  the  LOX  storage  tank  was  dumped  into  the  compartment  through  this 
ruptured  line  and  caused  the  fire  to  spread. 

Description  of  Photographs 

Reference  numbers  are  on  the  negatives;  numbers  allocated  by 
the  photographic  section  of  H.M.S.  Eagle. 

G.6132  LOX  storage  vessel.  The  top  cover  of  the  vessel  is 

covered  with  debris  from  the  melted  ducting  above  it.  The  burnt 
dump  line  car.  Just  be  seen  on  the  photo,  most  of  the  severed  end 
being  concealed  by  the  storage  fill  line.  (Storage  fill  line  runs 
from  top  right  of  picture  to  centre  nozzle).  The  material  hanging 
from  the  top  of  the  compartment  shown  on  the  top  left  of  the  picture 
is  the  wreckage  of  ventilation  ducting  and  a burnt  out  cable. 

G.6130  Showing  the  hole  burnt  through  the  deck  above  the  storage 

vessels  and  the  remnants  of  the  fittings  in  the  necks  of  the  bottles. 
The  flanged  valve  and  pipe  propped  between  the  vessels  is  the  remains 
of  the  liquid  dump  line. 

G.6131  LOX  pump.  The  drier  outlet  valves  can  be  seen  to  the  left 

of  the  spot  light.  The  asbestos  wrapped  flange  and  line  at  the 
bottom  right  of  the  photo  is  the  liquid  dump  line  transition  in  the 
cabin  deck. 

A.P.L.  ref.  X 0U25  Photo  1.  Hole  burnt  through  deck  taken  from  dental 
surgery.  Diameter  of  floodlight  is  approximately  12  inches. 

G.61U7  Comparison  of  burnt  valve  with  new  valve  taken  from  stores. 

G.61U5  End  view  of  burnt  valv;  in  G.61U7. 

G.61U8  and  G.61U9  Side  and  end  views  of  a burnt  out  valve. 


G.6152  View  of  burnt  out  waive  with  remnants  of  pipe  fused  to  it. 

G.61U3  View  of  valve  spindle  with  part  of  the  valve  fused  to  it. 

G.612U  A.S.U.  Instrument  panel  all  instruments  burnt  beyond 

repair,  including  the  valve  position  indicators  on  the  valves 
below. 

G.6153  Showing  damage  to  aluminum  floor  of  compartment  near 

to  the  foot  of  the  HP  0_  storage  vessel.  Concrete  below  the 
aluminum  was  eroded  to  the  depth  of  approximately  1/2"  to  1". 

G.6137  LOX  pump.  Similar  view  to  G.6131* 

G.615U  Shows  burnt  pipework  and  the  wricked  internals  of  the 
Cambridge  purity  recorder. 

G.6127  Shows  the  one  ve>sel  which  did  not  burn  back  to  the 
cylinder  neck.  (Valve  was  shut  and  vessel  was  empty). 

A.P.L.  Ref.  X Qk25  Photo  2.  Similar  to  G.6127. 

G.6l57  HP  Og  pipework  union  Tee. 
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Work  to  be  carried  out  on  Plant. 

1)  Remove  all  A.S  U.  panels  and  oerlite  also  slag  wool  from 
driers.  Water  from  the  fire  hoses  will  have  penetrated  the 
insulation,  new  perlite  and  slag  wool  to  be  installed. 

2)  Inspect  pipework  for  damage. 

3)  Repair /Overhaul  LOX  pump.  As  the  compartment  was  filled 
level  to  the  door  sill  (about  2 ft.)  with  water  the  pump/motor 
unit  was  virtually  immersed.  Pump  to  have  plunger  removed,  valves 
removed  and  checked,  suction  and  discharge  filters  checked. 

Mechanical  parts  of  pump  to  be  overhauled  and  pumn  reassembled 
using  new  packing. 

M Repair  damaged  vacuum  pipework  on  LOX  storage  tank  and  pull 
vacuum  on  the  vessel  during  inspection  of  the  LOX  storage  vessel. 

Soon  after  the  fire  an  audible  leak  was  heard  from  the  damaged 
vacuum  isolation  valve,  it  was  some  hours  before  the  vacuum  was 
completely  lost,  for  this  reason,  and  the  lack  of  obvious  damage, 
that  it  is  assumed  that  the  storage  vessel  has  no  internal  damage. 

5)  Make  good  connection  on  vacuum  insulated  part  of  LOX  pump  line. 
Suggested  method  shown  in  sketch  X 0U52SK.1.  It  will  probably  be 
necessary  to  support  the  dump  valve  in  order  that  the  weight  of  the 
valve  and  the  dump  line  is  not  thrown  on  to  the  vacuum  insulated  line. 

6)  Remove  dessicant  from  driers,  replace  with  new.  Change  dessicant 
in  COp  filters.  Change  dessicant  in  hydrocarbon  adsorber  on  pump 
Jacket  inlet. 

7)  Fit  new  instrumentation,  checking  that  instrument  isolation  valves 
and  exterior  pipework  are  in  good  condition  replacing  where  necessary. 

8)  Remove  all  relief  valves  and  check  that  set  pressures  are  to 
design,  refit. 

9)  Pressure  test  plant  using  clean  dry  nitrogen,  and  soaping  all 
joints.  If  it  is  found  on  some  circuits  that  it  is  not  possible  to 
reach  all  Joints  a drop  test  may  be  carried  out,  i.e.  filling  a 
section  to  test  pressure  and  then  timing  loss  of  pressure.  With  the 
small  capacities  involved,  there  should  be  no  noticeable  drop  over 
half  an  hour.  It  is  suggested  that  the  plant  be  tested  to  normal 
working  pressure  as  in  this  way  the  relief  valves  can  be  left  insitu 
and  will  nrotect  all  circuits.  T>*e  integrity  of  the  relief  valves 
will  also  be  proved.  It  is  possiule  that  a slight  weep  from  a relief 
valve  will  give  a noticeable  drop  in  a circuit  in  which  case  this  may 
be  acceptable.  (What  is  acceptable  and  what  is  not  can  only  be 
decided  on  site  for  each  case).  The  pressure  test  should  be  the 
final  Job  when  only  repacking  and  defrosting  remain  to  be  done. 

10)  Repack  box.  (Maintain  pressure  in  plant  so  damage  to  pipework 
will  show  up  as  a pressure  loss). 

Defrost  plant.  Using  the  normal  defrost  procedure  the  plant  should 
be  given  a thorough  defrost  making  sure  that  every  line,  including 
gauge  lines,  blowdowns  and  the  storage  are  done. 


11) 


AIR  PRODUCTS  LIMI  TED 


SERVICE  DEPARTMENT 
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APPENDIX  A 


H.M.S.  Eagle  X 0425 

Spares  required  for  port  plant 


Item 

Quantity 

Description 

R.N.  Ref 

1) 

2 

Manometer  6" 

2) 

2 

P.G.  0-5000  psig  6" 

024/942/0634 

3) 

2 

2 1/2”  Thermometers  - 100°C/  +60°C 

753/755107 

4) 

4 

Level  Indicator  0-50”  W.G. 
AE  Model  227 

107/955000 

5) 

2 

P.G.  0-5000  psig  6" 

821/337002 

6) 

3 

P.G.  0-200  psig  6" 

821/137001 

7) 

1 

P.G.  0-30  psig  6" 

821/137 

8) 

2 

2 1/2"  Thermometers  200°F/  600°P 
4"  stem 

107/287095 

9) 

2 

2 1/2"  Thermometer  20°F/  220°F 
4"  stem 

107/287094 

10) 

14 

Valve  handwheel  indicators 
type  801 

11) 

1 

Freon  expansion  valve  complete 

107/980836 

12) 

1 

Oxygen  valve  complete 

107/980828 

13) 

16 

N.35  Oxygen  valves  complete 

l4) 

200  ft. 

Cupro-nickel  piping 

0282/13531 

15) 

20 

Sleeve  comm,  bronze 

0251/13535 

16) 

20 

1/4  X 1/4  X 1/4  Tees,  bronze 
600  psi . Fitting  No.  03 
Drwg.  No.  E.M.  40i9*  Unions 
and  nipples  for  piping  item  14 

APPENDIX  A (Cont'd) 


Item 

Quantity 

Description 

R.N.  Ref 

18) 

4 

Tee  pieces  - storage  bottle 
comm.  Al.  bronze  6000  Drwg. 

No.  3810.  Pitting  No.  A.O.X.  16-19 
Fitting  list  Dev.  MED  62799 

19) 

2 

Needle  valves 

657-287239 

20) 

1 

Needle  valve 

657/287238 

21) 

1 

Tank  level  gauge 

107/011583 

22) 

1 

Vacuum  gauge  and 
isolating  valve  assembly 

119/287151 

23) 

1 

Cambridge  purity  recorder, 
complete  with  flow  indicator 

24) 

1 

Air  drier  heater  unit  and 
switch 

25) 


1 


Defrost  heater  unit  and  switch 


A I R LIMI  TED  LIMITED 


SERVICE  DEPARTMENT 
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APPENDIX  B 


Contracts 

BATH 


EAGLE 


GARDEN 

ISLAND 


SUPPLIERS 


Lt.  Cdr.  John  Highton  X 398fc 

Cdr . Sharrock  X 3975 

Cdr.  Peter  Howard 
Lt.  Cdr.  Ashley  Teape 
S/Lt.  Allen  Rapkins 
C.ERA  Alford 
C.ERA  Old 
ERA  Lay 


Lt.  Cdr.  Roberts 


Foam  glass  ) 
Rockwool  ) 
Perlite  ' 


350UU  (H.M.A.S.  KUTTABUL) 

X 278  (office) 

X U09  (ward  room) 

Bradford  Insulation  Industries  Pty. 

7 Percy  Street 

Au'jurn,  Sydney  6U9  97^3 

MR.  FORD 


Mr.  Ron  Quinn  - Promotional  Manager , Sydney 
Mr.  Hankie  - Depot  Manager,  Perth 

Perth  Address 

13  Corkill  Street  North 
Fremantle 

(Rockwool:  7 days  notice  required  for  supplier  at  Perth) 

Perlite  2/3  days  Sydney,  longer  in  Perth,  supplied  in 
U cu.  ft.  bags. 

BECKMAN,  analyser  agents  H.  B.  Selby 

Sydney  888  7155 

Mr.  Graham  Vale 

(D.2  delivery  quoted  as  6 weeks  minimum.) 


SAFETY/IE/PR 


13  September  1971 


NOTES  ON  VISIT  TO  H.M.S.  ARK  ROYAL  ON  11/8/71  TO  DISCUSS  SAFETY 

OF  SHIPBOARD  LOX  PLANTS 


1.  Meeting  attended  by: 

D.G.S.  (Bath)  R.N.  A-P.L.  Hale-Hamilton 

D.  Pearce  Car.  James  D.  Ellis  B.  Hall 

Lt-Cdr  Kersey  I.  Everson 

Lt-Cdr  Rose 
Lt-Cdr  Wright 

2.  R.N.  explained  that  the  causes  of  the  Eagle  incident  are  in  doubt  due  to  the 
extent  of  the  damage.  Possible  causes  are: 

2.1  Use  of  an  unsuitable  valve  seat  e.g.  nylon. 

2.2  Use  of  unsuitable  'O'  ring  materials  e.g.  neoprene  or  nitrile  rubber. 

2.3  Presence  of  compressor  lubricating  oil  in  valve  which  had  somehow 
passed  through  the  entire  plant. 

2.4  Suddsn  opening  of  the  storage  vessel  Hale-Hamilton  valve  permitting 
excessive  velocities  and  high  temperatures  due  to  oxygen  recompression 
which  ignited  the  valve  seat  'O'  rings. 

2.5  The  Tee  pieces  above  the  oxygen  vessel  concerned  may  have  developed  a 
crack. 

3.  Thereafter  the  meeting  concerned  itself  only  with  the  Ark  Royal  Plants. 

4.  Mr.  Hall  stated  that  Hale-Hamilton  valves  used  on  these  air  senaration  plants 
for  compressed  air  (N9)  and  oxygen  (N35)  are  externally  indistinguishable.  It 
was  proposed  to  affix  identification  discs  under  handwheel  retaining  nuts. 

An  unspecified  Atcheson  lubricant  has  been  used  for  air  separation  plant  valves. 

5.  Components  for  oxygen  service  e.g.  valves,  are  degreased  by  vendors  and  sent  to 
Naval  Stores  in  sealed  polythene  bags.  The  control  once  these  bags  are  opened 
appeared  to  be  less  satisfactory.  Operators  are  not  required  to  wear  clean 
cotton  gloves  for  example. 

6.  The  situation  concerning  '0*  rings  was  regarded  as  somewhat  unsatisfactory. 
Present  D.G.S.  policy  is  to  use  only  HOSTAFLON  'O'  rings.  However  it  was  not 
clear  how  many  of  the  previous  rubber  'O'  rings  are  still  in  use  in  Hale- 
Hamilton  valves.  It  was  incorrectly  assumed  that  as  these  'O'  rings  were 
trapped  they  would  not  be  exposed  to  high  temperature,  high  pressure  oxygen 
resulting  from  valve  maloperation. 

7.  The  large  H.P.  oxygen  vessels  are  occasionally  blown  dewn  through  a 1/4"  bore 
pipe.  Occasionally  these  have  become  completely  blocked.  If  these  rust 
particles  find  their  way  into  regions  exposed  to  high  temperatures , high 
pressure  oxygen  they  could  ignite,  perhaps  acting  as  kindling  for  a more 
serious  fire. 
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8.  Valves  on  top  of  the  oxygen  vessels  are  inaccessible,  thus  an  operator 
attempting  to  adjust  such  a valve  could  easily  open  it  suddenly  accidentally. 
Better  access  was  agreed  as  very  desirable. 

9.  The  4 stage  reciprocating  air  compressor  delivers  air  at  3600  psig.  No 
special  significance  is  attached  to  air  temperatures.  APL  stressed  the 
importance  of  this  parameter  to  avoid  air  compressor  explosions.  APL 
also  stressed  the  importance  of  periodically  cleaning  out  intercoolers , 
aftercoolers,  and  surge  drums. 

10.  Pull  records  of  cylinder  lubrication  rates  have  not  been  kept.  The  importance 
of  this  was  recognised. 

11.  Oil  adsorber  units  have  been  inspected.  Traces  of  oil  were  found  only  near 
the  inlet  of  the  first  unit.  It  was  concluded  that  no  lubricating  oil  should 
have  penetrated  into  the  A.S.U. 

12.  The  importance  of  maintaining  the  correct  LOX  level  in  the  reboiler-condenser 
was  not  appreciated  by  the  E.R.A.  in  charge  of  the  plant. 

13.  The  vacuum  pump  connected  to  the  LOX  storage  vessel  vacuum  Jacket  vas  provided 
with  2 solenoid  valves  for  breaking  vacuum  in  the  event  of  a power  failure  to 
prevent  oil  being  sucked  into  the  vacuum  Jacket  again.  No  oil  catchpot  was 
installed. 

14.  No  cons? deration  has  been  given  to  solvent  washing  the  plant  in  case  lubricating 
oil  has  been  deposited  around  the  plant.  It  appears  that  the  columns  cannot  be 
solvent  washed. 

15-  APL  stated  that  Beckman  portable  oxygen  analysers  are  no  longer  regarded 

favourably  in  view  of  their  lack  of  robustness  and  that  SERVOMEX  instruments 
are  now  preferred.  However,  the  Beckman  instrument  is  satisfactory  provided 
it  is  handled  carefully.  APL  undertook  to  send  details  to  Mr.  Pearce. 

16.  APL  stated  that  the  practice  of  sampling  the  contents  of  the  LOX  tank  when 
the  plant  was  shutdown  did  not  serve  any  useful  purpose  so  long  as  appreciable 
evaporation  did  not  take  place.  Persuiiably  the  anticipated  hazard  concerned 
concentration  of  contaminants  should  significant  evaporation  occur. 

17.  The  cold  box  atmosphere  is  never  sampled  so  that  leaks  cannot  be  detected  until 
frost  spots  appear. 

18.  H.P.  oxygen  at  about  3000psi  is  piped  to  the  aircraft  hangar  through  rigid 
pipes.  Flexible  pipes  are  then  used  for  cylinder  filling.  These  pipes  had 
rubber  external  cov  rs.  APL  pointed  out  the  hazard  if  they  had  rubber 
internal  linings. 

19.  D.G.S.  does  not  recommend  use  of  Klingerit  as  a g&sket  material  as  they 
believe  that  Klingerit  contains  appreciable  quantities  of  organic  matter. 

APL  pointed  cut  that  they  use  Kxingerit  extensively  and  that  organic  free 
materie.l  is  available. 

2j.  In  view  of  the  points  raised  bv  APL,  Mr.  Pearce  said  he  would  contact 
APL  new  Malden  to  seek  assistance  in  reviewing  the  Naval  Air  Separation 
Plant  operational  Procedrres. 

D.  Ellis  (Plant  Manager,  Stocksbridge ) 

I.  Everson  (Chief  Safety  Engineer) 

Distribution:  M.  H.  Vogel,  A.  Dick,  J.  Friend,  D.  Ellis,  A.  A.  Moore,  I.  Everson 


MINUTES  OF  MEETING  HELD  ON  BOARD  HMS  ARK  ROYAL  ON 
WEDNESDAY,  11  AUGUST  1971  TO  DISCUSS  LIQUID  OXYGEN 
SAFETY  REQUIREMENTS 


1.  Present: 


Mr.  R.  B.  Pearce 
Cdr.  P.  James 
Lt.  Cdr.  I.  Rose 
Lt.  Cdr.  J.  E.  Kersey 
Lt.  R.  Wright 
Mr.  C.  Wollerton 
Mr.  J.  E.  Hall 
Mr.  I.  Everson 
Mr.  D.  A.  Ellis 


D.  G.  Ships 

FOCAS 

DGA(N) 

FDEO  HMS  ARK  ROYAL 
FDLO  " " " 

CDL  Pevonport 

Hale-Hamilton  (Valves)  Ltd. 
Air  Products,  Ltd. 

h n ii 


2.  DG  Ships  stated  that  the  meeting  had  been  called  to  investigate  aspects  of 
safety  related  to  the  ARK  ROYAL  LOX  plant  arising  from  the  recent  explosion  in 
HMS  EAGLE.  The  Board  of  Inquiry  into  the  explosion  had  made  recommendations 
which  required  urgent  consideration  to  establish  if  there  were  shortcomings  in 
ARK  ROYAL  which  would  require  work  being  done  during  the  current  maintenance 
period  at  Devonport.  FOCAS  held  the  fulx  .'-'port  and  undertook  to  advise  the 
meeting  of  all  points  requiring  discussion. 

3.  FOCAS  outlined  the  sequence  of  events  in  HMS  EAGLE  and  detailed  the  conclusions 
reached  by  the  Board  of  Inquiry  on  the  possible  cause  of  the  fire.  These 

were : 

a.  Seat  of  incorrect  material 

b.  Acetylene  contamination 

c.  Oil  contamination 

d.  Grease  contamination 

e.  Weakness  in  Hairline  crack  in  system  component. 

k . Although  the  actual  cause  would  probably  never  be  known,  it  was  possible  that 
a valve  with  a nylon  seat  had  been  fitted  in  the  Port  GOX  system  since  subsequent 
investigation  revealed  a nylon  seated  valve  in  the  Stbd.  plant  and  another  in  the 
on-board  spares.  Nylon  was  the  alleged  cause  of  previous  fires  in  HM  ships 
VICTORIOUS  and  ARK  ROYAL  in  the  early  1960’s  and  action  was  taken  at  that  time  for 
all  GOX  valves  in  service  to  be  modified  to  copper  seats.  Because  of  unsatisfactory 
wear  characteristics  copper  seats  were  later  replaced  by  monel  seats  which  are 
currently  fitted  to  all  N35  valves.  HMS  ARK  ROYAL  confirmed  that  arrangements  had 
been  made  *v>r  all  N35  valves  to  be  checked  for  correctness  of  material  and  that 
stools  were  be  eg  made  to  make  the  valves  more  readily  accessible  ard  therefore 
obviate  strai . hen  being  operated.  After  discussion  the  following  po:,  nts  were 
marked  to  be  investigated; 

a.  Check  if  nylon  seats  used  in  N9  Air  Valves  are  interchangeable  with 
seats  used  in  N35  valves  and  propose  modification  if  necessary. 

Ac • ion : Hale  Hamilton 


b.  Investigate  lubricant  for  GOX  valves. 


Action:  DG  Ships 


c.  Review  materials  for  'O'  seals  and  means  of  positively  identifying 
as  suitable  for  oxygen  service. 

Action;  DG  Ships 

d.  Consider  if  only  complete  valves  (cleaned  ready  for  use)  be  carried 

as  on-board  spares.  Valves  only  to  be  refitted  by  nominated  Dockyard  or 
Makers. 


Action:  DG  Ships 

5.  DG  Ships  confirmed  that  the  ROF  Bridgewater  had  found  all  the  EAGLE  samples 
within  the  limit  specified  for  acetylene  and  that  this  could  be  disregarded  as 
a possible  cause  of  the  explosion.  HMS  ARK  ROYAL  confirmed  that  acetylene  spot 
checks  were  taken  every  2U  hours  when  the  plant  is  in  promotion  but  that  the 
prescribed  tests  on  the  storage  tank  had  not  been  undertaken.  Air  Products 
confirmed  that  the  existing  instructions  for  the  plant  were  satisfactory  and 
that  those  for  the  storage  tank  were  intended  to  apply  to  liquid  stored  for  long 
periods  without  addition  or  dispensing.  It  was  confirmed  that  it  was  not  necess- 
ary to  carry  out  a separate  acetylene  test  when  changing  from  LOX/GOX  or  vice 
versa.  DG  Ships  undertook  to  investigate  the  requirement  in  DGS/TPSE/79  Chap,  h 
for  daily  acetylene  checks  from  the  s to-. age  tank  when  the  plant  is  shut  down. 

Action:  DG  Ships 

6.  The  question  of  hydrocarbon  contamination  _y  oil  or  grease  was  discussed. 

HMS  ARK  ROYAL  confirmed  that  lubricating  oil  consumption  of  refrigeration 
compressor  and  air  compressors  wa3  monitored  on  start  up.  Air  Produ-v-s  considered 
that  clean  cotton  gloves  should  be  worn  when  re-assembling  components  etc.  in  the 
LOX/GOX  system  to  reduce  possibility  of  contamination  by  sweat  or  grease.  DG  Ships 
agreed  that  thi3  should  be  added  to  the  existing  instructions  in  DGS/TPSE/79. 

Action:  .’■G  Ships 

7.  HMS  ARK  ROYAL  confirmed  that  tests  of  compartment  atmosphere  and  RS  500 
cold  box  for  presence  of  excess  oxygen  were  carried  out  in  accordance  with 
instructions  but  that  the  LGSB  plant  did  not  have  sampling  points  fitted.  It 
was  decided  that  since  the  LGSB  cold  box  is  continuously  purged  while  running, 
with  waste  nitrogen  product , normal  compartment  checks  would  be  sufficient  pending 
A & A action  to  fit  the  necessary  tappings.  Air  Products  stated  that  the  Beckman 
Analyser  is  used  by  the  R.N.  was  no  longer  used  by  them  it  having  been  replaced 

by  the  'SERVOMEX*  analyser.  DG  Ships  agreed  to  investigate  the  possible  issue  of 
a Servomex  to  ARK  ROYAL  for  evaluation. 


Action:  DG  Ship3 

8.  The  recommendations  of  the  Board  to  be  implemented  in  HMS  EAGLE  included  for 
the  surfaces  of  storage  cylinders,  valves,  gauges.  Junction  box«s,  eoc . , to  be  free 
of  paint.  Air  Products,  did  not  specify  any  precautions  regarding  painting  of  their 
plant  or  storage  vessels  but  non-ferrous  valves,  -auges.  Piping,  etc.  in  a GOX 
system  did  not  require  pa*nt  protection  and  it  w reasonable  for  existing  paint 
on  these  items  to  be  removed.  DG  Ships  stated  that  this  matter  was  unier  investi- 
gation at  MOD(N)  and  that  no  action  should  be  taken  to  strip  GOX  cylinders  of 
paint  pending  the  outcome  of  these  enquiries. 


Action : DG  Ships 


9*  Consideration  was  given  to  the  use  of  steel  tools  in  LOX  compartments.  It 
vas  agreed  that  such  tools  should  not  be  stored  or  kept  in  a LOX  compartment  but  that 
there  is  no  objection  to  use  subject  to  satisfactory  test  of  comroartment  atmosphere 
This  would  be  added  to  relevant  publications. 


Action:  X Ships 

10.  Other  actions  resulting  from  the  recommendations  of  the  Board  of  Inquiry  are 
as  follows: 

a.  Preparation  and  issue  of  a LOX  Comoartment  log  to  record  safety  tests  and 
that  regulations  have  been  read  and  understood. 

Action:  FOCAS 

b.  Review  of  BR  175**  Chapter  18. 

Action:  DC  Shins 

c.  Reed  for  ARK  ROYAL  to  be  issued  with  means  of  verifying  correct  air 
flows  through  LOX  compartment  ventilation. 

Action : DC  Shins 

d.  LOX  dispense  point  and  GOX  dispense  points  to  be  boxed  in  and  made 
lockable  when  not  in  use. 

Action:  DG  Ships 

e.  DGA(R)  to  verify  tests  necessary  for  500  gall  ditchable  LOX  tanks. 

Action:  DGA(N) 

f.  Need  to  emphasize  hazards  during  training  course  at  HMS  SULTArt. 

Actions  SULTAN /Air  Products 

g.  DGS/TPSE/T9  to  refer  to  need  to  operate  GOX  valves  SLOWLY. 

Action:  DG  Ships 

V--O.NAL  SIGNED  GQfi 
R.  v . Pearce 

for  DIRECTOR  GENEPAL  SHIPS 

REF:  1100/361/02/13**  2k  August  1971 

Distribution: 

DGS:  122,  132,  13U,  223,  2k2,  253;  W?A(N);  CED;  FOCAS;  C in  C WF;  HMA  ARK  ROYAL 

HMS  SULTAN;  CDL  Devoi.port;  Ai.  Products  Ltd.;  Hale  Hamilton  (Valves)  Ltd. 
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HAZARD  LEVEL  OF  HYDROCARBON  FILMS 

IN 

SYSTEMS 'CONTAINING  LIQUID  AND  GASEOUS  OXYGEN* 


E.  Kehat 


INTRODUCTION 

The  object  of  this  work  was  to  determine  realistic  standards  of  cleanliness  in  systems 
containing  liquid  and  gaseous  oxygen. 

An  arbitrary  figure  of  4 milligrams  per  square  foot  (1)  had  been  set  by  examination  of 
systems  that  had  caused  no  trouble  in  the  past.  R was  felt  that  this  figure  was  too  low  and 
that  experimental  determination  of  the  safe  level  should  be  made  to  set  such  standards. 

Previous  workers  had  tested  high  surface  concentrations  of  oils,  which  were  found  to  be 
highly  explosive  in  liquid  or  gaseous  oxygen  and  in  high  pressure  air.  Palmer  (2)  reported 
some  work  performed  by  Loison  in  1952.  A nominal  1-inch  pipe,  approximately  250  ft. 
long,  with  an  oil  film  of  20, 000  mg/sq.  ft.  (about  0. 3 mm  thick)  and  with  air  at  a pressure 
of  100  psig  was  used.  Upon  ignition,  a pressure  wave  was  generated  and  the  walls  of  the 
pipe  were  ruptured  in  a number  of  places. 

♦This  study  was  supported  by  the  U.S.  Air  Force  under  Contract  No.  AF  33(616)-6730. 
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Basyrov  and  Mikhedov  (3)  studied  the  detonation  limits  of  some  Russian  lubricating  oils 
solidified  and  dispersed  in  liquid  oxygen  at  concentrations  of  7. 5 to  21%  oil  in  LOX.  For 
one  type  of  spindle  oil  in  a mixture  of  15%  oil  in  LOX,  the  detonation  ability  was  similar 
to  that  of  TNT. 

Some  unsystematic  work  had  been  done  at  Air  Products,  Incorporated,  in  1956  and  1957  (4), 
on  ignition  of  a variety  of  lubricants  in  air,  oxygen,  and  liquid  oxygen.  The  amounts  of  oil 
were  substantial  and  powerful  detonators  were  used.  The  sound  of  the  detonation  and  a 
study  of  the  surviving  parts  of  the  equipment  indicated  that  the  oil  ignited  in  all  tests.  No 
quantitative  data  of  the  oil  film  concentrations  were  taken. 

Based  on  these  meager  past  experiments,  the  range  of  concentrations  of  interest  for  this 
study  was  taken  as  4 to  20, 000  mg/sq.  ft. 


EXPERIMENTAL 

A n-hexadecane  film  was  applied  evenly  to  the  surface  of  a clean  section  of  pipe.  The 
boiling  temperature  and  the  molecular  weight  of  n-hexadecane  are  in  the  ranges  for  common 
lubricants;  it  is  available  at  a purity  of  at  least  95%  and  its  concentration  in  solution  can  be  \ 
determined  with  accuracy. 

The  pipe  section  (Figure  1 and  3)  was  2 ft  of  1 inch  schedule  40  stainless  steel  pipe  with  a 
6- inch  section  of  nominal  1/2  inch  stainless  pipe  at  each  end.  During  gaseous  oxygen  runs, 
one  end  of  the  pipe  was  closed  by  a rupture  disk  made  of  1. 5 mill,  brass  foil  in  a modified 
1/2  inch  union.  These  disks  were  rated  at  400  psig.  A rupture  disk  that  was  rated  at 
2000  psig  was  used  for  the  1500  psig  runs. 
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The  hexadecane  was  applied  to  the  surface  from  a solution  in  carbon  tetrachloride,  which 
was  evaporated  in  a hot  water  bath  while  rotating  the  pipe  section  to  achieve  uniformity  of 
the  hydrocarbon  film  on  the  surface.  Visual  and  tactile  observation  indicated  that  a reason- 
able degree  of  uniformity  was  achieved.  The  amount  of  hydrocarbon  deposited  on  the  surface 
was  controlled  by  the  quantity  and  concentration  of  the  feed  solution.  The  area  covered  was 
calculated  to  be  0.  723  sq.  ft. 

Two  ignition  mechanisms  were  used. 

1.  The  first  mechanism  was  a high  voltage  spark.  A Model  T Ford  ignition 

coil  was  used  with  an  electrode  made  either  from  a length  of  niehrome  wire  in  a 
compressed  Teflon  insulator,  or  a copper  wire  soldered  to  the  tip  of  a spark 
plug.  The  electrodes  were  inserted  at  the  middle  of  the  pipe  and  the  tip 
of  the  wire  was  maintained  at  a distance  of  5 mm  from  the  opposite  pipe 
wall,  which  served  as  the  grounding  electrode.  The  power  input  to  the 
spark  coil  was  * to  12  watts. 

2.  The  second  mechan'sm  used  was  an  electric  match,  DuPont  S-65  squib. 

The  squib  was  stripped  of  its  insulation,  re-insulated  with  ceramic  beads, 
and  positioned  at  the  end  of  the  1"  pipe  section.  This  squib  releases  4 to 
8 calories  in  about  20  milliseconds. 

After  application  of  the  film,  the  pipe  section  was  cooled  to  room  temperature  and  the 
igniter  and  the  oxygen  line  were  connected.  The  pipe  was  then  purged  with  oxyger  for  five 
minutes  to  remove  the  last  traces  of  the  solvent  vapors.  The  rupture  disk  assembly  was 
then  tightened,  the  pipe  was  pressurized  with  oxygen,  and  ignition  was  instigated.  The 
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same  procedure  was  followed  for  the  blank  runs  except  that  ignition  was  not  started  and 
the  pipe  was  pressurized  at  50  psig  for  five  minutes. 

The  pipe  section  was  then  disassembled.  The  unburned  hexadecane  was  dissolved  in  two 
125  cc  batches  of  fresh  carbon  tetrachloride  and  the  combined  solution  was  concentrated 
by  evaporation  of  most  of  the  solvent.  The  volume  of  the  concentrate  was  measured  and 
the  concentration  of  the  n- hexadecane  in  the  concentrate  was  determined  with  a Beckman 
IR-4  infrared  analyser. 

For  the  runs  in  liquid  oxygen,  the  end  sections  were  removed  after  deposition  of  the  film 
and  one  e d of  the  1-inch  section  was  capped  (Figures  2,  4,  and  5).  The  area  of  the  section 
was  calculated  to  be  0.  548  sq.  ft.  The  pipe  was  immersed  vertically  in  liquid  nitrogen 
contained  in  a stainless  steel  dewar.  Gaseous  oxygen  was  fed  into  the  top  of  the  pipe  and 
liquid  o\j  gen  was  condensed  to  fill  about  80%  of  the  volume.  By  using  this  condensation 
technique  in  contrast  with  previous  experiments  in  which  liquid  oxygen  had  been  poured 
into  warm  containers,  only  a small  amount  of  oxygen  was  present  in  case  a detonation 
would  be  initiated.  Thick  electrical  insulation  was  used  on  the  high  voltage  line  and  the 
pipe  itself  to  prevent  current  leakage.  Following  ignition  the  pipe  was  removed  and  warmed 
slowly.  The  residual  hexadecai.e  was  dissolved  in  carbon-tetrachloride,  concentrated,  and 
analyzed. 

RESULTS 

The  results,  plotted  as  surface  concentration  of  hexadecane  (mg/sq.ft,  of  pipe  surface) 
against  the  percent  recovery  of  the  hexadecane,  are  given  in  Figures  6,  7,  and  8. 
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Since  all  ignition  work  is  poorly  reproducible,  a number  of  runs  were  made  at  each  con- 
centration and  the  results  were  plotted  in  a statistical  form  instead  of  showing  the  individual 
points.  The  plot  for  each  concentration  represents  the  95%  confidence  limit  of  the  results 


and  was  calculated  by  the  relation  X + _ , where  X is  the  average  per  cent  of 

n */ « 

W I/2 

unburnt  hexadecane  recovered  in  all  the  runs  at  that  concentration.  S/n  is  the  standard 
deviation  for  these  runs  and  n is  the  number  of  runs.  The  number  of  runs  is  also  given 
on  the  plot.  These  data  and  the  results  of  the  individual  runs  are  also  given  in  Table  I. 


In  Figure  6,  the  95%  confidence  limit  of  all  11  blank  runs  is  99. 3 + 5.  7.  The  spread  of  the 
ignition  runs  is  greater,  since  a small  area  that  burns  under  the  igniter  is  not  reproducible. 

The  infrared  analyses  of  the  hexadecane  in  the  carbon  tetrachloride  were  reproducible  to 
0. 3 mg/cc.  This  uncertainty  could  cause  a deviation  of  2%  in  the  recovery  in  the  1000 
mg/sq.  ft.  range  and  a deviation  of  15%  in  the  100  mg/sq.ft,  range.  This  is  the  probable 
reason  for  the  larger  scatter  of  the  data  at  lower  concentrations. 

At  the  highest  surface  concentrations  used,  there  was  not  sufficient  oxygen  at  50  psig  to 
burn  al!  the  hexadecane.  The  two  broken  lines  on  Figure  6 indicate  the  minimum  recovery 
of  hexadecane  for  the  two  concentrations,  if  all  the  oxygen  at  50  psig  is  consumed  in  a V 

stoichiometric  ratio  to  form  only  CO2  and  H2O  as  combustion  products.  Actually,  some 
carbon  is  formed  in  all  ignition  runs  and  considerable  amounts  of  carbon  were  found  in 
the  high  concentration  runs.  In  the  two  highest  concentration  runs  at  6000  mg/sq.  ft.  a 
detonation  wave  followed  the  ignition.  Subsequent  runs  were  made  at  lower  concentrations, 
as  this  concentration  was  in  the  detonation  range. 
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Effect  of  pressure 


No  significant  effect  was  found  in  the  range  of  20  to  200  psig.  In  ten  runs  made  at  1050 
mg/sq.  ft.  and  1500  psig,  the  recovery  was  83  + 8%,  compared  to  a recovery  of  99  + 3% 
for  ten  runs  at  the  same  concentration  and  pressures  of  20  to  200  psig.  Increased  pressure 
is  known  (5)  to  decrease  the  ignition  temperature  of  lubricating  oils  and  the  increased 
solubility  of  oxygen  in  the  oil  tilm  probably  helps  to  propagate  combustion. 

Effect  of  Ignition  Mechanism 

Combustion  properties  of  the  system  hexadecane-oxygen  were  estimated  from  the  literature 
(6,  7,  and  8).  The  quenching  distance  was  estimated  to  be  less  than  4 mm,  therefore,  the 
sparking  electrode  was  kept  at  a distance  of  5 mm.  from  the  wall.  The  minimum  ignition 
energy  was  estimated  to  be  6 x 10"  ^ cal  The  ignition  energy  of  both  ignition  mechanisms 
used  was  considerably  higher.  The  energy  of  the  spark  was  of  the  same  magnitude  as 
friction  or  impact  effects  that  are  possible  sources  of  ignition  in  a pipe  system.  The  rate 
of  application  of  the  ignition  energy  of  the  electric  match  is  several  orders  of  magnitude 
greater  than  that  of  the  spark.  There  is,  however,  no  way  of  directly  comparing  different 
ignition  mechanisms.  It  is  very  unlikely  though  that  self -ignition  in  a LOX  system  will  be 
instigated  by  a source  as  powerful  as  an  electric  match. 

The  data  in  Figure  7 on  the  results  of  ignition  by  an  electric  match  show  no  marked  signifi- 
cances from  the  data  in  Figure  2,  except  for  poorer  reproducibility.  Possibly  more  hexe- 
decane  directly  under  the  squib  was  burned. 

Effect  of  Temperature 

In  about  one-fourth  of  the  runs  using  spark  ignition,  the  tube  was  deliberately  not  allowed 
to  cool  after  evaporation  of  che  solvent.  The  temperature  of  the  pioe  was  30  to  40  degrees  1 
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Centigrade  above  ambient  temperature.  No  effect  of  temperature  in  this  range  was 
found. 

At  liquid  nitrogen  temperatures,  the  hydrocarbon  film  on  the  surface  of  the  pipe  freezes, 
and  a small  amount  of  film  flakes  off.  The  frozen  oil,  being  less  dense  than  the  LOX, 
floats  to  the  surface  creating  an  increased  hazard. 

Blank  runs  were  made  to  evaluate  the  magnitude  of  this  effect.  The  freezing,  flaking,  and 
floating  mechanism  was  not  large  below  concentrations  of  500  mg/sq.ft.  (Figure  8). 

In  the  liquid  oxygen  runs,  the  inside  of  the  pipe  was  observed  before  and  after  ignition. 

At  a hexadecane  concentration  of  1000  mg/sq.ft. , a bright  ring  about  2 inches  long,  sym- 
metrical about  the  sparking  electrode,  was  observed.  This  indicated  that  ignition  had 
smarted  but  did  not  propagate.  No  such  rings  w-  re  observed  in  the  blank  runs.  At  lower 
concentrations,  small  patches  of  clean  areas  were  observed  under  the  electrodes  after 
ignition  but  no  continuous  burned  region  was  evident. 

Effect  of  Lubricant  Flow 

At  surface  concentrations  of  over  1000  mg/sq.  ft. , some  mobility  of  oil  or.  the  surface  was 
observed.  It  seemed  likely  that  at  high  surface  concentrations  some  of  the  film  would  flow 
to  the  lowest  parts  of  the  system,  accumulate,  and  increase  th'  ignition  hazard  at  that 
locution. 

Some  experiments  were  m ide  to  determine  the  concentration  .el  at  which  this  effect 
becomes  pronounced.  A tray  was  constructed  from  a 3/1 5- inch  flat  stainless  steel  plate 
(0. 80  sq.  ft.  surface  area).  Thin  walls  w re  connected,  using  an  epoxy  resin  adhesive. 


■^he  surfnre  was  coated  successively  with  100,  250,  500,  1000,  and  2500  mg/sq.ft,  of 
n-hexadecane  by  applying  predetermined  amounts  of  20  mg/cc  solution  of  hexadecane  in 
carbon  tetrachloride.  The  solvent  was  evaporated  using  an  infrared  lamp.  Smear  tests 
were  made  at  each  concentration  by  rubbing  a finger  on  the  surface  and  observing  reflected 
light  from  the  surface.  No  smearing  was  observed  at  100  and  250  mg/ sq.ft.  Slight  smear- 
ing was  observed  at  500  mg/sq.ft.  Smearing  was  considerable  at  1000  mg/sq.ft,  and  at 
2500  mg/sq.  ft. , it  wai  possible  to  push  the  oil  on  the  surface. 

Safe  C( mcentration  Level 

From  Figures  6,  7,  and  8,  it  would  seem  that  a hexadecane  level  of  1000  mg/sq.  ft.  c«ui 
be  tolerated  for  gaseous  oxygen  and  a slightly  lower  level  than  1000  mg/sq.  ft.  can  be  tolera 
for  liquid  oxygen.  Flaking  of  the  lubricant  in  LOX,  and  film  flow  at  ambient  temperature, 
i educe  the  safe  level  to  about  500  mg/sq.  ft. 

In  liquid  oxygen,  floating  frozen  oil  will  flow  with  the  LOX  and  accumulate  at  dead  ends 
downstream.  In  gaseous  oxygen,  flowing  films  will  collect  at  low  levels.  Sampling  of  lines 
for  lubricant  contamination  should  therefore  be  made  at  the  lowest  levels  in  ambient  tempo 
ture  lines,  and  at  low  velocity  zones  in  liquid  oxygen  systems. 

The  recommended  safe  level  contamination  with  hydrocarbons  with  viscosity  and  vapor 
pressure  similar  to  hexadecane  is  100  mg/sq.  ft. 


sparking  electrode 
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Figure  1.  Ignition  Apparatus  Using  Gaseous  Oxygen. 
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Figure  2 


Ignition  Apparatus  Using  Liquid  Oxygen 


Figure  3. 


Ignition  Apparatus  Using  Gaseous  Oxygen 
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Figure  7.  Untainted  Hexaderano  Fllma  After  Ignition  with  an  Electric 
Matrh  In  Omb^oub  Oxygen  Under  200  PSIG  PreRRUte 
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Figure  8.  Unbumed  Hexadccane  Films  After  Spark  Ignition  In  Llqu1 
Oxygen 
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SAMPLING  DATE:  REQUESTED  BY:  SAMPLED  BY: 

ANALYSIS  REQUESTED:  Oxygen  Index  Rating 


ANALYTICAL  METHOD:  Oxygen  Index  Test 

ANALYST:  L.  G.  F.  IWO  NO.:  XD-0128  PROJ.  NO.:  R&D  PROJ.  NO.: 

REMARKS: 

ANALYSIS 


The  recently  constructed  Oxygen  Index  Test  apparatus  was  used  in  determining  the  "n" 
values  for  the  samples  submitted  for  testing.  The  Oxygen  Index  (n),  of  a material, 
is  the  percentage  concentration  of  oxygen  in  a mixture  of  oxygen  and  nitrogen  which 
will  maintain  equilibrium  burning  conditions,  i.e.,  the  heat  produced  during  combust- 
ion Just  balances  the  heat  lost  to  the  surroundings.  Physically,  this  is  the  lowest 
concentration  of  oxygen  which  will  support  sustained  combustion  of  the  material,  and 
is  calculated  from  the  following  equation: 

fe/\  100  x 0D  , ^ . 

nC % ) = — — ■ where  Op  is  the  oxygen 

02  + u2 

concentration  at  equilibrium  and  Rg  is  the  associated  nitrogen  concentration. 

The  ideal  combustion  rate  is  180  seconds  to  burn  a distance  of  50  mm.  If  the  sample 
does  not  burn  50  nm  in  180  seconds,  the  oxygen  concentration  is  too  low,  and  if  the 
sample  burns  the  50  mm.  in  less  than  180  seconds  the  oxygen  concentration  is  too  high. 

Below  are  the  results  of  the  materials  tested  as  well  as  a comparison  of  other  gasket- 
ing materials. 


Material 

n (%  Og) 

Time-Sec 

Length 
of  Burn 

Remarks 

Viton  E 60 

35 

No  Ignition 

(green) 

*•5 

15 

MM 

Went  out 

Lab • No . 

55 

167 

50  mm 

71-3M 

5*» 

180 

35  mn 

Samples  were 
cylindrical 
in  shape 
5 mm  diameter 
3"  long 

56 

n ■ 56 

185 

50  mm 

Ash  dropped  off  in  1/2"  section: 
was  green  in  color. 
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A 
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Material 

n (%  02) 

Time-Sec 

Length 
of  Burn 

Remarks 

Viton  A 

56 

188 

50  mm 

Some  visible  combustion  of  gases 

(black) 

57 

181 

30  mm 

before  the  flame. 

Lab.  Wo  71-31*5 

57 

180 

50  mm 

Samples  were 
cylindrical 
in  shape 

3/16"  diameter  n = 57 

3"  long 


Gar lock-900 

Samples  were 
rectangular 
in  shape 
1/8"  thicK 
1/1*"  wide 
3 1/1*"  long 


Johns-Manville 
Asbestos  #6l 
Sheet 

Samples  were 
rectangular  in 
shape 

1/8"  thick 
1/1*"  wide 
3 lA"  long 


21* 

25 

23 

22 

23 

22 

n = 23 

150 

129 

160 

20 

167 

10 

50  mm 
50  mm 
50  mm 

50  mm 

went  out 
went  out 

Sample  produces  considerable  amount 
of  carbon  during  burning 

50 

60 

50  mm 

Too  High  0^  concentration 

25 

117 

50  mm 

2C 

15 

- 

dent  out 

22.5 

11*0 

■3  can 

2U 

151 

50  mm 

25 

150 

50  mm 

23 

52 

- 

Went  Out 

n - 2l*  Some  samples  showed  a tendency  to  gc 

out  close  to  *;,he  n value  during  tl 
test.  Sample  produces  considered 
carbon  during  burning 
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ANALYTICAL  REPORT 


DATE:  8/17 /T1 

LAB.  NO.:  71-379 


SAMPLE  OF:  silicone  0-Ring  (1/8"  Dia.) 

FROM:  Safety  Department 


LAB  BOOK:  1739 


SAMPLING  DATE:  REQUESTED  BY:  R.  D.  Paige  SAMPLED  BY: 

ANALYSIS  REQUESTED:  Oxygen  Index  Rating 


ANALYTICAL  METHOD:  Oxygen  Index  Test 

ANALYST:  L.G.F.  ,'*0N0  ; xd-0128  PR0JN0':  R&DPROJ.NO.: 

REMARKS: 

ANALYSIS 


|?fi.  . 

AUG  1971 

iv  tx  u i.,r  **  * • 


The  sample  submitted  for  testing  was  tested  in  the  sane  manner  as  the  previous  Viton 
O-Ring  materials  which  had  Oxygen  Index  values  determined  (Analytical  Report  71-3^ , 
71-3^5,  Viton-O-Rings , 8/13/71)-  The  results  of  the  present  test  are  as  follows: 


Material 

n {%  02) 

Time-Sec . 

Length 
of  Bum 

Remarks 

Silicone  O-Ring 

20 

180 

1*2  mm 

1/8"  Dia.  - 3"  long 

21 

180 

50  mm 

Lab  lio.  71-379 

*21 

180 

1*9  mm 

Cylindrical  Shape 

22 

175 

50  mm 

23 

166 

50  mm 

n = 21 

* Stock  sample  was  tested  in  same  manner  as  received. 

All  other  samples  were  cleaned  with  methylene  chloride. 


The  ash  remained  intact  during  the  entire  burn*  The  ash  cross  section  showed  two  distinct 
layers.  The  ash  was  very  brittle  and  it  had  a gray-white  color.  The  sample  produced 
considerable  smoke  during  burning. 
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Enclosed  for  your  information  are  the  minutes  of  the  meeting 
of  the  Compressed  Gas  Association  Air  Separation  Equipment 
Committee  held  May  11  and  12,  1971  at  Fort  Lauderdale,  Florida* 

These  minutes  are  a compos itof  the  notes  made  by  Dr.  McKinley, 
Bruce  Berrettlni,  Russ  Stompler  and  Leonard  Ball  who  represented 
Air  Products  at  the  meeting. 


Ur*  t. 


FIRES  IN  CENTRIFUGAL 

* A.  GEAR  DRIVEN  PUXPS 


Suction  Impeller 


Put®  Mftr. 

Filter 

RPM 

Size 

Burkhardt 

No 

9,500 

;•  »».5 

Burkhardt 

? 

9,500 

>.5 

Burkhardt 

? 

9,500 

fc.5 

Burkhardt 

? 

9,500 

*».5 

Cryostar 

? 

9,500 

. 1».5 

Cryostar 

? 

9,500 

1».5 

Cryostar 

Yes 

9,500 

J».5 

Cryostar 

No 

9,500 

1».5 

Airco/Paul 

Yes 

9,500 

1».5 

Airco/Paul 

Yes 

9,500 

J».5 

Airco/Paul 

Yes 

9,500 

U.5 

Airco/Paul 

Yes 

11,200 

1*.5 

Airco/Paul 

Yes 

13,100 

1».5 

Airco/Paul 

Yes 

15,800 

fc.5 

Airco/Paul 

Yes 

15,800 

U.5 

J.  C.  Carter 

No 

8,000  • 

VO 

• 

ir\ 

Airco/Paul 

No 

7,200 

6 

Airco/Paul 

Yes 

9,500 

6(») 

Airco/Paul 

Yes 

9,500 

6 

Airco/Paul 

Yes 

9,500 

6 

Airco/Paul 

Yes 

9,500 

6 

‘.i  rco/Paul 
\i  /Paul 


Yes  9,500 
Yes  '9,500 


6 

6 


(*)  Bronze  Impellers 
Reaction 

Probable  Cause 

Cold  End  Exploded 

Bearing  Failure 

Not  Certain 

Not  Certain 

Cold  End  Exploded 

Bearing  Failure 

Cold  End  Exploded 

Bearing  Failure 

Cold  End  Exploded 

Bearing  Failure 

Impeller  & Seal  Burned 

Not  Certain 

Cold  End  Exploded 

Faulty  Repair 

Cold  End  Exploded 

Contaminant 

Gear  Box  Fire 

Faulty  Repair 

Gear  Box  Fire 

Faulty  Repair 

Cold  End  Exploded 

Faulty  Repair  Bear 
Failure 

Cold  End  Exploded 

Bearing  Failure 

Cold  End  Exploded 

Bearing  Failure 

Cold  End  Exploded 

Lubricant  and 
Bearing  Failure 

Cold  End  Exploded 

Hot  Certain 

Cold  End  Exploded 

Faulty  Repair 

Cold  End  Exploded 

Bearing  Failure 

Cold  End  Exploded 

Bearing  Failure 

Cold  End  Exploded 

Bearing  Failure 

Cold  End  Exploded 

Bearing  Failure 

Cold  End  Exploded 

Bearing  Failure 

Cold  End  Exploded 

Not  Certain 

Internal  Fire  (Volute) 

Not  Certain 

\ 


Cosmo dyne 

Ho 

8,1*00(2  Stage) 

it. 5 & 6.0 

Cold  End  Exploded 

Cc  odyne 

No 

A 

8,1*00(2  Stage) 

it. 5 & 6.0 

Cold  End  Exploded 
• 

SUBTOTAL 

25 

■ 

(I1*)  Due  to  Bearing  Failure 
( it)  Not  Certain 
(5)  Faulty  Repair 
( 2 ) Contaminant 


Lubrication  and 
Bearing  Failure 

' Foreign  Contaminant 


.*  • V*  . 


FIRES  IN  CENTRIFUGAL  LIQUID  OXYGEN  PUMPS 


..  *HL?  DRIVEN*  PUMPS 


(*)  Bronze  Impeller (s) 
(#)  (*)  Bronze  Impeller  & 
Volute 


Puro  Kfr. 

Suction 

Filter 

RPM 

Impeller 

Size 

Reaction 

Mrbo craft 

? 

5,500 

6" 

Belt  Box  Fire 

hirbocraft 

No 

8,500 

4.67" 

Cold  End  Exploded 

7JETOTAL 

2 

(1)  Seal  Leak 

(1)  Faulty  Repair  & Operation 


Probable  Cause 


Seal  Leak  - Belt  Rub 

Faulty  Repair  and 
Operation 


CLOSE  COUPLE!)  PUMPS 


iyron 

Jackson 

7 

3,600(10  Stage)  10"(») 

Internal  Fire 

Hydrocarbons 

lyron  Jackson 

Yes 

3,535 

7 1A"(?)  Kotor/Bearing  Explosion 
* 

No  Slinger-Seal  Leak 
DC  33  Grease 

Lawrence 

No 

1,750 

11" (*)(») 

Pillow  Block  Bearing 
Exploded 

Improper  Shrouding  of 
Pump-Seal  Leak 

J.  C. 

Carter 

Yes 

3,560 

9" 

Seal  Fire 

Seal  Rubbing 

V » C « 

Carter 

No 

3,560(3  Stage) 

7 1/4" (*)  Seal  Fire 

Ran  Dry  (Unattended) 

J.  c. 

Carter 

Yes 

3,560 

9“ 

Seal  Fire 

Seal  Rubbing 

J.  c. 

Carter 

No 

3,560(2  Stage) 

7 l/4"(*) 

Seal  Fire 

Seal  Rubbing 

o . C « 

Carter 

No 

3,560 

5 1/4” 

Kotor/Bearing  Explosion 

Improper  Shrouding  of 
Pump  - Seal  Leak 

J.  C. 

Carter 

No 

3,560(3  Stage) 

7 l/4"(*)  Pump  Explosion 

Foreign  Contaminant 

**  • c. 

Carter 

No 

3,560 

5 1/4" 

Seal  Fire 

Seal  Rubbing 

Paul 

Yes 

3,560 

10  1/2" 

Motor/3earing  Explosion 

Seal  Leak  - Bearing 
Lubricant  (Bad  Design 

» v W-iVij 

11 

(4) 

Bearing  Explosions 

, 3 of  vhich  were  human  error. 

(5) 

Seal  Fires,  (l)  Due  to  running  dry. 

(?) 

Con+*V'i! 

f 


I 


SUMMARY  0?  REPORTED  INCIDENTS: 

(l4)  Due  to  bearing  failure  on  gear  driven  high  speed  puraps. 
(10)  Due  to  faulty  repair,  operation  and/or  installation. 
(It)  Contamination  entering  pump. 

(5)  Seal  rubs  & fires. 

( 1)  Belt  box  fire  due  to  seal  leak. 

( 4)  Hot  certain. 

TOTAL 38 
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AGENDA  FOR  CSA-ASEC  MEETING  - MAY  11-12,'  1971 


1.  Noise  Pollution  - 9:00  AM,  Tuesday,  May  11th 

Speakers  - G.  M.  Diehl,  Ingersoll  Rand 

C.  Duer,  Burgess  Manning 


The  planning  committee  was  fortunate  in  arranging  for 
Messrs.  Diehl  and  Duer  to  speak  at  our  meeting.  Both  come 
highly  recommended  and  their  wide  experience  with  industrial 
noise  problems  will  add  much  to  the  meeting. 

Those  attending  should  be  prepared  with  questions  and 
comments  relating  to  their  own  experiences  with  regards  to 
noise  problems  associated  with  compression  equipment  in 
particular,  and  air  separation  plants  in  general. 


* 2.  Liquid  Oxygen  Pumps  - 9:00  AM,  Wednesday,  May  12th 

Speakers  - C.  J.  Dorf,  Linde 

Dr.  C.  McKinley,  A.  Products 
C.  Saacke,  Airco 
R.  Sinclair,  NCG 

The  session  will  revolve  around  the  questionnaire  on  liquid 
oxygen  pump  fires  issued  in  February.  The  speakers  are  from 
within  the  air  separation  industry  and  as  such  are  h.ghly 
qualified  to  speak  on  problems  encountered  with  liquid  oxygen 
pumps.  However,  all  attendees  are  expected  to  share  ary 
appropriate  information  they  may  have  on  the  subject  so  chat 
the  meeting  will  be  as  meaningful  as  possible..  The  use  of  slides 
and  handouts  Is  encouraged. 


3.  Aluminum  In  Oxygen  Service 

3.1  A review  of  the  trailer  incident  at.  Victory  Memorial  Hospital 
In  Brooklyn,  in  May  of  1970  is  scheduled,  pending  issuance 
of  the  investigation  report  by  the  National  Transportation 
Safety  Board. 

3.2  The  general  subject  of  using  aluminum  in  oxygen  service  will 
be  explored. 


4.  General 


4.1  Nov.  9-11  Oxygen  Compressor  Symposium 

This  symposium  has  been  structured  to  consider  the  general 
subject  of  how  to  compress  oxygen  safely.  As  such,  it  should 
be  expecially  interesting  to  the  air  separation  industry. 


1972  Plans 


The  meeting  should  be  prepared  to  discuss  future  plans  for 
the  Air  Separation  Committee.  Such  things  as  meeting  types* 
timing,  direction  etc.,  will  be  scrutinized. 


.CGA  AIR  SEPARATION  EQUIPMENT  COMMITTEE  MEETING 
May  11  & 12.  1971 


% 


The  CGA  Air  Separation  Equipment  Committee  held  its  latest  meeting  May  11  & 12,  1971 
In  conjunction  with  the  CGA  Industrial  Gas  & Related  Products  Divisional  meeting  at 
Fort  Lauderdale,  Florida.  The  agenda  for  the  first  day  included  discussion  of  noise 
problems,  particularly  as  related  to  sir  separation  plants  and  the  large  rotating 
equipment.  The  second  day  continued  discussions  of  past  meetings  with  regard  to 
liquid  oxygen  pumps.  The  agenda  for  the  meeting  is  attached. 

MAY  11  - Mr.  George  Diehl,  a noise  specialist  with  Ingersoll  Rand,  Phillipsburg , 

New  Jersey,  began  the  discussion  on  plant  noise  with  a prepared  pres- 
entation of  the  action  being  taken  by  his  company  in  reducing  the  noise 
produced  by  rotating  equipment  and  a general  discussion  of  noise  control 
in  a producing  facility.  Because  of  the  recent  federal  regulations, 

Ingersoll  Rand  is  now  working  on  reducing  the  noise  output  on  all  of 
their  products  by  evaluating  and  changing,  as  necessary,  basic  machinery 
design.  Mr.  Diehl,  in  the  past  year,  prepared  a series  of  lectures  which 
were  given  to  all  of  the  Ingersoll  Rand  design  engineers.  These  lectures 
covered  the  basic  information  with  regard  to  noise,  what  it  is,  how  it  is 
produced,  and  how  it  can  be  controlled  with  emphasis  being  placed  on  design 
techniques  for  reducing  the  noise  generation.  It  is  his  contention  that 
considerable  reduction  in  noise  can  be  made  with  little  or  no  increase  in 
cost.  He  cited,  as  an  example,  their  air  compressor  design  used  in  con- 
struction in  which  the  noise  output  has  been  reduced  to  a "whisper".  With 
larger  machines,  of  course,  the  problems  become  more  difficult.  This  series 
of  lectures  is  now  being  published,  one  at  a time,  in  their  monthly  magazine, 
"Compressed  Air"  and  will  later  be  collected  into  a small  book. 

A number  of  design  features  may  contribute  to  the  noise  produced  by  a com- 
pressor; these  include  wheel  design,  number  of  vanes,  rotational  speed, 
gear  design,  weight  and  design  casing  and  gear  box,  mounting  design,  design 
of  piping  and  valves  in  associated  piping,  and  horsepower.  While  the  pur- 
chaser can  reduce  operator  exposure  to  noise  by  such  measures  as  lagging, 
silencers,  and  location  of  unit  within  the  plant  or  building,  internal 
design  is  set  by  the  manufacturer  and  noise  reduction  in  this  area  must  be 
made  in  the  basic  design  stages.  As  a rule  of  thumb,  doubling  the  horse- 
power usually  Increases  the  noise  level  from  4-5  db  (a  3 db  noise  increase 
is  equal  to  doubling  the  noise  level).  The  noise  level  that  can  be  ex- 
pected by  a horsepower  Increase  is  roughly  equal  to  - 

17  lo*10  HP^ 

where  HP^  is  horsepower  of  reference  compressor  for  which  the  noise  level 
is  known. 

HP  2 is  horsepower  of  compressor  for  which  the  estimated  noise  level 
is  required. 

Fluid  turbulance  caused  by  rotor  rotation  is  another  important  producer  of 
noise.  The  rotational  speed  of  the  rotor  is  much  more  important  than  the 
tip  speed.  An  increase  of  the  noise  level  caused  by  increase  of  rotational 
speed  can  be  estimated  by  the  formula  - 

n2 

50  uho  57 


V 


* 
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where  n is  rotation  speed  of  compressor  for  which  the  noise  level  Is 
1 known. 

n2  is  the  rotational  speed  of  the  compressor  for  which  the 
estimated  noise  level  Is  required. 

A slight  rotational  Imbalance  may  cause  resonance  In  the  compressor  struc- 
tural member  which  can  produce  undesirable  noise.  In  this  respect,  the 
com*-.essor  mountings  and  foundations  and  velocity  of  flow  through  the  com- 
pressor and  associated  piping  become  important  factors  in  the  design  anal- 
ysis to  reduce  noise. 


Sound  test  codes  are  being  prepared  for  Inclusion  in  the  existing  ANSI  S5.1, 
the  test  code  for  compressors.  In  preparing  a noise  specification  for  new 
equipment,  it  is  Important  to  specify  whether  the  noise  tests  are  to  be  made 
at  the  manufacturer's  plant  or  at  the  customer's  site  where  the  machine  will 
be  installed.  Since  the  addition  of  two  noise  producing  sources  (for  ex- 
ample a new  compressor  to  an  existing  facility)  each  of  which  individually 
may  be  within  acceptable  limits,  when  combined  may  increase  the  total  noise 
level  to  undesirable  levels,  a complete  analysis  of  the  plant  environmental 
noises,  plus  the  noise  produced  by  the  new  machine,  must  be  made.  The  exact 
location  of  the  new  machine  within  a plant,  for  example,  whether  the  machine 
is  outdoors  or  inside  a building,  or  if  inside  a building,  its  exact  loca- 
tion within  the  room  must  be  considered.  It  was  pointed  out  that  there  is 
a marked  difference  in  the  noise  level  produced  if  the  noise  source  is 
positioned  in  the  center  of  the  room  well  off  the  floor.  In  the  center  of 
the  room  at  floor  level,  up  against  one  side  wall,  or  in  a corner  of  the 
room,  with  the  noise  produced  increasing  markedly  in  the  above  progression 
from  the  center  of  the  room  to  the  corner. 


Kr.  Diehl  discussed  various  noise  sources  in  a typical  compressor  instal- 
lation and  basic  approaches  for  control  of  the  noise.  These  included: 


location 

1.  valve  & piping 

2.  expansion  joint 

3.  coupling 

4.  driver  noise 


cause  of  noise 
fluid  velocity 

fluid  velocity 

air  around  coupling 

cooling  air  & fan  noise 


control 

lagging 

lagging 

enclosure 

enclosure  or  lagging 


5.  rotor 


6.  gear  box 


fluid  turbulance,  rotor  Internal  design 

speed,  ratio  & position 
of  rotating  vanes  to 
stationary  vanes 

gear  contact  enclosure  or  lagging 


7.  cavity  under 
machine 


resonance 


design 


At  Ingersoll  Rand  test  areas  where  noise  levels  are  excessive  only  when  a 
machine  is  being  tested,  hearing  protectors  are  worn  only  during  the  test 
period.  At  this  time,  red  lights  are  used  to  warn  all  personnel  that  the 
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wearing  of  hearing  protection  is  required.  This  is  a possible  solution 
where  the  operation  of  noisy  equipment  is  intermittent. 

The  discussion  emphasized  the  fact  that  manufacturers  are  turning  their 
attention  to  the  reduction  of  noise  produced  by  the  operation  of  heavy 
equipment.  Also,  that  the  buyers  need  to  include  in  their  purchase  spec- 
ifications for  new  machinery  their  requirements  regarding  the  noise  levels 
expected  and  permissible.  These  requirements  must  take  into  consideration 
the  background  noise  levels  of  the  environment  in  which  the  new  machine 
will  operate.  While  it  may  not  be  possible  in  large  machines  to  reduce 
noise  to  a "whisper"  as  Ingersoll  Rand  has  been  able  to  do  with  their  small 
air  compressor,  appreciable  reduction  in  noise  levels  can  be  obtained  by  the 
design  technology  now  available. 

Mr.  Charles  Duerr,  of  Burgess  Manning,  presented  a general  discussion  on 
noise  and  some  of  his  experiences  in  reducing  noise  levels  in  practical 
situations.  He  noted  that  the  noise  criteria  for  a plant  should  be  based 
upon  desired  noise  levels  where  the  operator  will  have  to  be,  not  neces- 
sarily where  the  noise  is  generated.  In  surveying  a plant  and  identifying 
noise  sources  one  must  get  very  close  to  the  noise  generating  source  to 
positively  identify  it.  Three  feet  away  is  too  far,  as  noises  from  other 
locations  may  Interfere.  One  must  be  only  a few  Inches  away  from  the  sus- 
pected area  to  differentiate  between  sources.  In  actual  situations,  prim- 
ary noise  sources  must  be  eliminated  or  reduced  first  before  a general 
program  can  be  instituted.  A cyclical  noise  is  more  stressful  than  a low 
frequency  noise. 

Low  frequency  noises  cannot  be  handled  by  the  use  of  lagging  but  can  be 
reduced  substantially  by  the  use  of  snubbers.  Burgess  Manning  snubbers, 
with  their  internal  perforated  tubes,  are  designed  on  the  principles  of 
fluid  flow  rather  than  on  acoustical  criteria.  These  units  create  a 
variable  impedance  which  is  very  effective  in  reducing  flow  variations  and 
noise  on  reciprocating  compressor  installations.  In  a piping  system, 
silencers  should  be  installed  immediately  downstream  of  a noise  producer, 
which  solves  the  noise  problem  downstream  until  another  noise  source  is 
encountered.  This  will  prevent  noise  from  radiating  to  the  other  equipment 
where  it  may  be  amplified  or  reflected.  Lagging  may  be  required  on  the 
exterior  shell  of  a silencer  to  control  the  noise  that  may  be  radiated  from 
the  metal  shell.  Although  some  noise  is  radiated  along  or  in  the  piping 
walls,  the  major  carrier  is  the  gas  stream  itself. 

With  regard  to  vent  silencers,  the  more  rigid  the  absorbatlve  material  the 
more  susceptible  it  may  be  to  being  destroyed  by  the  energy  of  the  sound. 
Once  the  system  is  cracked,  damage  will  progress  until  the  entire  system  is 
destroyed.  It  was  noted  that  acoustical  materials  are  most  effective  in  the 
mid  frequency  range.  At  high  frequencies,  a change  of  direction  similar  to 
a light  trap  may  be  quite  effective. 

Surrounding  equipment  and  structures  may  have  a marked  effect  on  the  prop- 
agation of  noise  and  the  intensity  of  noise  along  the  sound  path.  Sound 
waves  in  are  similar  to  waves  in  water.  Low  frequency  waves  will  tend 
to  wash  around  and  over  obstructions  while  high  frequency  waves  will  tend 
to  be  blocked  by  an  obstruction.  Thus,  depending  upon  the  frequency,  a 
structure  between  the  noise  source  and  the  observer  may  have  au  appreciable 
effect  as  to  intensity  of  the  noise  observed. 
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Mr.  Duerr  observed  that,  with  regard  to  the  lagging  of  pipe,  2 to  3 inches 
of  fiberglass,  packed  to  a density  of  6 pounds  per  cubic  foot  and  covered 
with  24  gauge  steel  sheet,  is  very  effective.  The  fiberglass  without  the 
steel  or  the  steel  without  the  fiberglass  offers  almost  no  improvement  in 
noise  reduction.  The  benefit  's  a function  of  the  weight  of  material  per 
square  foot  and  1 pound  per  square  foot  offers  about  optimum  benefit.  It 
is,  of  course,  important  that  there  must  be  no  contact  between  the  pipe  and 
the  metal  septum,  otherwise  noise  will  leak  through  the  metal  septum  and  be 
radiated.  This  can  actually  increase  the  emitted  noise  level  in  some  in- 
stances. Leaded  vinyl,  although  more  expensive,  is  very  effective.  This 
material  can  be  hung  as  a drape  or  used  to  wrap  over  fiberglass,  in  the  same 
manner  as  the  metal  septum  noted  above. 

MAY  12  - This  entire  day  was  spent  discussing  the  industries'  liquid  oxygen  pump 

accident  history  and  each  companies'  philosophy  with  regard  to  design  and 
operation.  Each  company  represented  had  prepared  reports  of  each  of  their 
pump  failures  and  reviewed  their  history  in  detail  for  the  benefit  of  the 
committee  members.  Copies  of  the  individual  accident  reports  presented  and 
an  analysis  of  these  reports  is  attached. 

NCG  reported  that  they  have  changed  all  their  centrifugal  LOX  pumps  to  their 
new  safety  configuration.  This  includes: 

-1 . Opening  up  clearance 

2.  Installation  of  bronze  stops  & wear  rings 

3.  Changing  seal  design  so  that  a bronze  ring  will  take  rubs 

4.  Inlet  filter  screens 


NCG  also  stated  that  their  piping  design  includes  a manual  shutoff  valve 
near  the  liquid  tank  some  distance  from  the  pumps  themselves. 


Linde  reported  that  their  specifications  for  new  pumps  includes  the  use  of 
bronze  stops  and  wear  rings  and  the  use  of  monel  bellows  on  the  seals. 

They  particularly  avoid  possible  stainless  to  stainless  rubs  in  the  seal 
area.  The  Linde  upgrade  program  on  existing  pumps  includes  the  use  of 
bronze  Impellers  although  their  specifications  for  new  pumps  still  includes 
aluminum  wheels.  Linde  has  approximately  1,000  pumps  in  operation  on  trucks 
and  ground  installation.  Their  failures  in  the  past  10  years  have  all  been 
with  centrifugal  units.  Of  the  9 failures  reported,  5 were  single  stage 
units,  2 were  3 stage,  and  1 was  2 stage.  Eight  of  these  units  were  operatin 
at  3700  rpm,  the  other  failed  unit  operated  at  7200  rpra.  Other  details 
reported  included: 


1. 


2. 


3. 

4. 

5. 

6. 


all  units  had  aluminum  volutes, 

7 had  aluminum  impellers,  2 had  bronze  impellers, 

8 had  stainless  steel  shafts,  1 had  monel, 

6 failures  were  attributed  to  rubbing  In  the  shaft  seal  area, 

2 failures  were  attributed  to  bearing  explosions  involving  seal  leaks, 

1 failure  involved  a bearing  failure  resulting  in  internal  rubbing 
and  ignition. 


s 


\ 
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Linde  has  approximately  250  older  turbine  units  of  their  own  design.  They 
have  no  record  of  fires  with  these  units.  These  turbine  units  operate  at 
low  head,  and  at  1700-2200  rpm.  The  housings  are  cast  iron,  impellers  are 
stainless  steel.  These  units  are  equipped  with  Internal  bearing  using  LOX 
safe  lubricant  (a  Halocarbon  or  equal  lubricant).  Linde's  design  includes 
inlet  filters  on  liquid  oxygen  pumps. 

Linde  also  reported  a failure  of  a nitrogen  pump  which  was  attributed  to 
misoperatlon  by  the  operator.  The  piping  design  was  such  that  the  Carter 
pump  which  failed  could  be  supercharged  by  a turbine  pump.  The  two  pumps 
were  separated  by  about  120'  of  2"  line.  It  is  believed  that  the  inter- 
connecting line  was  not  precooled  properly  and  with  startup  of  the  turbine 
pump  flash  vaporization  of  liquid  occurred  in  the  line  resulting  in  build- 
up of  pressure  to  about  1100  psi.  This  resulted  in  overpressurization  and 
failure  of  the  Carter  pump  case. 

The  Airco  program  for  safe  operation  of  trailer  mounted  LOX  pumps  includes: 

1.  bronze  stops  and  wear  rings, 

2.  bronze  impellers  would  be  preferable  although  aluminum 
impellers  are  being  used, 

3.  pump  inlet  screens,  12  mesh  (1/16"  openings), 

4.  elimination  of  combustibles  in  the  trailer  control  cabinet, 

5.  the  operator  must  stand  away  from  the  pump  when  operating, 

6.  in  tanker  service  the  pump  inlet  should  not  point  toward  the 
tank  since,  if  a combustion  failure  occurs,  flame  & m terial 
from  the  inlet  will  impinge  on  the  tank  shell, 

7.  piping  design  must  include  an  emergency  shutoff  valve  with 
fusible  links  for  automatic  operation  in  the  event  the 
operator  is  unable  to  reach  the  valve. 

Airco  emphasized  the  fact  that  if  a pump  fire  occurs  there  is  a good 
possibility  it  will  be  at  a customer  plant  and  will,  therefore,  expose  third 
party  personnel  and  property.  A discussion  of  the  New  Orleans  fire  which 
resulted  in  a $4  million  loss  was  presented  as  a case  in  point.  During  the 
pump  cooldown,  the  operator  had  jogged  the  pump  to  make  sure  it  was  free. 
After  cooldown  was  completed,  the  operator  turned  to  open  the  inlet  valve 
when  he  heard  an  explosion.  At  this  point,  the  pump  had  not  been  started. 
When  he  saw  a cloud  of  "dark,  dirty  smoke"  pouring  out  of  the  back  of  the 
trailer,  he  ran  from  the  unit  to  obtain  assistance.  The  fire  from  the 
pump  eventually  destroyed  the  trailer  and  spread  to  the  adjacent  warehouse. 
The  liquid  tank  which  was  to  be  filled,  although  extensively  damaged,  re- 
mained upright  and  still  contained  liquid  after  the  fire.  The  pump  instal- 
lation did  not  include  an  inlet  screen.  A large  2-1/2"  long  piece  of  soft 
solder  was  found  in  the  inlet  piping  as  well  as  a 2-3/4"  long  piece  of  1/2" 
brass  pipe.  It  is  believed  that  the  fire  initiated  inside  the  pump  before 
rupture  of  the  pump  or  piping  occurred.  Airco  presented  a list  of  21  pump 
Incidents,  covering  the  years  1963  through  1970.  Pertii.jnt  details  from 
this  listing  are: 

a.  12  incidents  were  caused  by  bearing  failures, 

b.  10  fires  involved  aluminum  volutes  and  aluminum  impellers. 
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c.  12  fires  involved  pump  operating  at  speeds  between  7200 
and  15,800  rpm, 

d.  11  fires  occurred  at  speeds  over  9500  rpm, 

e.  13  fires  occurred  in  Airco  plants,  6 at  customer  locations, 
and  1 at  a distributor  location, 

f.  1 failure  was  the  result  of  a valve  being  installed  backwards, 

g.  1 failure  involved  a bearing  housing  explosion, 

h.  3 incidents  involved  fires  in  belt  housings  and  did  not  involve 
the  presence  or  release  of  oxygen, 

i.  2 fires  occurred  in  graphite  seals. 

NCG,  Airco  and  Linde  are  using  RPM-5  on  motor  bearings.  All  have  used,  or 
investigated  the  use  of,  LOX  compatible  lubricants  on  bearings  and  have, 
because  of  lubricity  and  corrosion  problems,  gone  back  to  RPM-5.  The 
consensus  seemed  to  be  that  it  is  more  important  to  preserve  the  integrity 
of  the  bearing  by  the  use  of  a good  lubricant  and  to  take  appropriate 
design  measures,  such  as  f lingers  and  shields,  to  keep  possible  oxygen 
leakage  away  from  the  bearing,  rather  than  to  use  a LOX  compatible  lubricant 
that  would  not  react  if  exposed  to  oxygen,  but  because  of  poor  lubricity  and 
corrosion  resistance  will  result  in  short  bearing  life. 

SUMMARY  OF  LOX  PUMP  FAILURES  AS  REPORTED  BY  COMMITTEE 


Committee  members  submitted  questionnaires  reporting  38  incidents  involving  fires  and/ 
or  major  failures  in  liquid  oxygen  pumps.  A summary  of  these  reports  is  included. 

Major  causes  of  failure  can  be  summarized  as  follows : 

No.  of  Failures  Cause  of  Failure 

14  Due  to  bearing  failure  on  gear  driven  high  speed  pumps. 

10  Due  to  faulty  repair,  operation  and/or  installation. 

4 Contamination  entering  pump. 

5 Seal  rubs  & fires. 

1 Belt  box  fire  due  to  seal  leak. 

4 Not  certain 

38  Total 

The  summary  also  indicates  that  of  the  38  accidents,  13  pumps  were  reported  to  have 
had  no  suction  line  strainer,  and  7 more  where  there  was  uncertainty  if  strainers 
were  installed.  Assuming  that  all  of  these  20  pumps  did  not  have  strainers,  the 
reported  probable  causes  for  these  incidents  were: 
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No.  of  Failures 


Cause  of  Failure 


2 

6 

5 

1 

2 

_4 

20  Total 


Not  certain  (both  gear  driven  - probably  bearing  failure 
and  rub). 

Bearing  failure  - alum/alum  rub. 

Faulty  repair.  Installation  and/or  operation. 

Belt  box  fire. 

Seal  fires. 

Foreign  contaminant  (20%) 


Where  pump  incidents  occurred  with  strainers  Installed,  the  reported  probable  causes 
were  other  than  foreign  contaminant. 


WLB/Safety  Dept. 
6/3/71 


AIR  PRODUCTS  AND  CHEMICALS,  INC 


DRAWING  OOO-O-UOTOOU  E 

MASTER  DRAWING  1200  SERIES  REGULATORS 


DOCUMENT  NOT  AVAILABLE  FOR  GENERAL  DISTRIBUTION 


. G.  Frederick 
. R . .&tshaw 
. McKinley 
. V.  Robinson 


Ac^i\7%odt&  and  ChmicaA 

INC- 

ANALYTICAL  REPORT 


SAMPLE  OF:  J ohns-Manvi lie  Asbestos  Sheet  Packing 
FROM:  Style  No.  6l 


DATE:  5/28/71 
LAB.  NO.:  71-26* 
LAB  BOOK:  1620 


SAMPLING  DATE:  REQUESTED  BY:  G.  Robinson  SAMPLED  BY: 

ANALYSIS  REQUESTED:  Compatibility  of  Material  with  Oxygen 


ANALYTICAL  METHOD: 
ANALYST: 

REMARKS: 


Combustion  in  Oxygen  and  Soxhlet  Ether  Extraction 

190  NO.:  PRQJ.  NO.:  R&D  PROJ.  NO.: 

LB-0795 


ANALYSIS 


A piece  of  the  J ohns-Manvi lie  Asbestos  Sheet  was  submitted  to  this  lab  to 
determine  the  compatibility  of  the  material  with  oxygen.  A test  piece  of  Gar lock  900 
gasket  material  was  also  run  at  the  same  time  for  comparative  results.  The  following 
tests  were  performed: 


1.  Ignition  in  an  oxygen  environment.  Ignition  of  the  Johns-Manville  packing  and 
the  Garlock  packing  in  a S chord  ger  flask  containing  a 100)1  oxygen  atmosphere 
showed  that  both  samples  burned  approximately  1*  seconds  with  some  charring  of 
the  sample  and  some  discoloration.  However,  both  samples  were  able  to  extinguish 
the  flames  before  they  were  totally  consumed. 


2.  Ether  Extraction.  The  Johns-Manville  packing  was  placed  in  a Soxhlet  Extractor 
and  extracted  for  22  hours  with  250  ml.  of  diethyl-ether.  The  results  were 
compared  to  a previous  extraction  of  the  Garlock  900  packing.  The  following 
results  were  recorded  for  this  experiment: 


Sample 

70-013 
Garlock  900 


Samplt  Wt. 
(grams) 

7.9*630 


Extracted 

Residue 

(grams) 

0.1*720* 


Percent 

Ether  Extractable 
Contaminants  Fluorescence 

1.83  Negative 


71-26*  26.63760  0.23*39**  0.878  Negative 

J-M  Style 
No.  6l 


Percent  ether  extractable  contaminants  was  calculated  by  the  following 
method: 


i Extracted  Residue  - Blank  1nn 
* Sample  Wt. 

* The  250  ml.  ether  blank  for  sample  70-013  which  was  reported  on 
i/30/70  was  0.00206  grams.  The  previous  report  on  this  material 
is  attached  as  a reference. 

**  250  ml.  ether  blank  * 0.00162  grams 
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Conclusloo : The  data  from  the  two  experiments  performed  appear  to  indicate  that 

the  J ohns-Manvi lie  Sheet  Packing  Style  #61  is  as  good  as  or  tetter  than 
Garlock  900. 


Prepared 


Approved 


toy 


David  R.  Latshaw 


LGF/plr 
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Date:  June  2,  1971 

INTEROFFICE 

MEMORANDUM  Subject:  LOX  COMPATIBLE  GASKET 

MATERIALS 

Tn  W.  W.  Schmoyer Safety  Departnent 

(Location,  Organization,  or  Department) 

From:  G,  W,  Robinson Operations  Department 

™ (Location,  Organization,  or  Department) 


cc: 


L.  Ball 
J.  M.  Geist 
D.  R.  Latshaw 
H,  H,  Master 
C . Me  Kinley 


R.  T).  Paige 
W,  T,  Rector 
W.  J,  Scharle 
E,  P.  Thomas 


Attached  are  recent  test  reports  issued  by  D.  R.  Latshaw  in  connection  with 
tests  performed  on  asbestos  sheet  packing  material. 

As  you  know,  gar lock  900  and  ffupabla  are  the  only  sheet  packing  materials 
approved  for  gaskets  in  oxygen  service. 

From  an  economical  and  convenience  basis,  it  would  be  advantageous  to  have 
other  materials  that  cam  be  used.  Durable  is  quite  expensive  and  Oarlock 
900  is  not  always  easily  obtainable. 

From  the  recent  report  on  Johns  Manville  asbestos  sheet  packing,  style  #6l, , 
it  appears  that  this  material  is  "as  good  or  better"  than  Garlock  900  for 
oxygen  service.  In  addition,  it  will  be  more  economical  and  availability 
will  be  good. 

It  is  requested  that  this  material  be  approved  for  oxygen  service  and  made 
a part  of  our  standards. 

\ 


ORIGINAL  SIGNED  BY 

G,  W,  Robinson 


GWRsss 


Retyped  9/27/72  krs 
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. G.  Frederick  % 

. R.  Latshaw  . ^i(ju  ^ 

. McKinley.' 

. W.  Schmoyer 

ANALYTICAL  REPORT 


SAMPLE  OF:  Gasket  Materials 

FROM:  Safety  Department 


DATE:  1/30/70 
LAB.  NO.:  See  Below 
LAB  BOOK:  1371* 


SAMPLING  DATE:  REQUESTED  BY:  SAMPLED  BY: 

ANALYSIS  REQUESTED.  Compatibility  of  gasket  materials  with  oxygen 


ANALYTICAL  METHOD:  Combustion  in  oxygen  and  Soxhlet  ether  extraction 
ANALYST:  l.G.F.  MONO.:  XD-0123  PROJ.  NO.:  R&D  PROJ.  NO.: 

REMARKS: 


ANALYSIS 


Samples  of  gasket  materials  KM-226  and  KM-2L6  were  submitted  to  this  lab  in  order 
to  determine  their  compatibility  with  oxygen.  It  was  also  requested  that  these 
materials  should  be  compared  with  gar lock  900  uasket  material.  The  following 
tests  were  performed. 

1.  Ignition  in  an  oxygen  environment  - Ignition  of  the  KM-226  and  KM-2L6  materials 
in  a Schoniger  flask  which  contained  100$  oxygen  showed  that  both  samples  burned 
for  approximately  twenty  seconds  with  considerable  charring  of  the  material.  Under 
a similar  test  the  Gar lock  900  also  burned  for  approximately  twenty  seconds  with 
considerable  charring  of  the  sample. 

2 . Ether  Extraction  - Samples  of  KM-226,  KM-2L6  and  Gar lock  900  were  placed  in 
separate  Soxhlet  Extractors  and  extracted  for  22  hours  with  250  ml.  of  diethyl 
ether.  The  following  results  were  recorded  for  this  experment. 


Sample  Wt. 
(grams) 

Extracted 

Residue 

(grams) 

Percent 

Ether  Extractable 
Contaminants 

Fluorescence 

70-013 

Garlock  900 

7.9^630 

0.il*720 

1.83 

Negative 

70-01L 

KM-226 

23.31190 

0.63110 

2.70 

Negative 

70-015 

KM-2U6 

7. 71^09 

0.2L067 

3.09 

Negative 

250  ml.  ether  blank  = 0.00206  grams 

Percent  ether  extractable  contaminants  was  calculated  by  the  following  formula: 

% - Extracted  Residue  - Blank  x 
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DATE:  1/30/70 

LAB  No. : See  Page  1 

LAB  BOOK:  1371* 

SAMPLE  OP:  Gasket  Materials 


Infrared  spectra  of  the  residue  from  the  KM-226,  KM-2U6  and  Oarlock  900  materials 
shows  all  the  residues  to  be  aliphatic  hydrocarbons  which  are  similar  in  structure. 

Conclusion:  Due  to  the  ignition  characteristics  and  the  high  percentage  of  ether 

extractable  contaminants  in  all  the  materials*  it  must  be  concluded  that  none  of 
the  materials  are  completely  compatible  with  oxygen.  However,  it  does  appear  that 
the  KM -226  and  131-2U6  are  no  orse  than  the  Garlock  900. 


ORIGINAL  SIGNED  BY 


D.  R,  Latshaw 


Retyped  Second  Page  9-27-72  krs 


L.  G.  Frederick 
F.  K.  Kit  son 
A.  Lapin 
D.  R.  Latshav 
C.  McKinley 
W.  W.  Schmoyer 
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DATE:  7/15/71 

LAB.  NO.: 


SAMPLE  OF:  Various  Lubricating  Oils 

FROM: 

SAMPLING  OATE:  REQUESTED  BY:  A.  Lapin  SAMPLED  BY: 

ANALYSIS  REQUESTED:  Fluorescence  of  Various  Types  of  Oils 


ANALYTICAL  METHOD:  Ultra  Violet  Light 

ANALYST:  I**0-F.  I«0  NO.:  PROJ.NO.:  R&D  PROJ.  NO.: 

REMARKS: 


ANALYSIS 


In  order  to  get  an  idea  of  the  detectable  level  of  fluorescence  for  various  oils,  the 
following  experiment  was  performed. 

One  droplet  of  oil  was  placed  in  a pte-weighed  250  ml.  beaker.  The  oil  was  then  weigied, 
diluted  with  approximately  25  ml.  methylene  chloride,  and  placed  on  a steam  bath.  The 
solvent  was  evaporated  to  dryness  so  that  a film  of  oil  remained  at  the  bottom  of  the 
beaker.  The  oil  film  was  then  subjected  to  ultra  violet  light  to  determine  the  intensity 
of  fluorescence.  Listed  below  are  the  results  of  the  above  tests. 


Type  Oil 

Sample  Wt./Area 

Fluorescence 

Mobil  DTE  105 

0.0070  g./3.96  in.2  or  0.255  g./ ft.2 

Strong  positive  - blue 

Texaco  Cappella  AA 

0.0145  R./3.96  in. 2 or  0.528  g./ft.2 

Negative 

Cellulube  550 

_P.02_35_ 96  in.2  or  0.855  g./ft.2 

Negative 

Fluorolube 

0.0222  g./3.96  in. 2 or  0.808  g./ft.2 

Negative 

Sears  Thread 
Cutting  Oil 

0.0190  g./3. 96  in.2  or  0.691  g./ft.2 

Strong  positive  - blue 

Sears  thread  cutting  oil  is  a hydrocarbon  oil  containing  ester  groups. 

Mobil  and  Texaco  oils  are  both  hydrocarbon  oils. 

Cellulube  oil  contains  aromatic  groins  and  is  known  to  contain  triaiyl  phosphate  groups. 
Fluorolube  oil  contains  carbon  fluorine  bonds. 


Remarks:  This  experiment  was  not  performed  in  order  to  determine  the  lowest  detectable 

fluorescence  level  for  each  oil.  Rather,  it  was  performed  to  give  a visual  demonstration 
for  those  involved  as  tc  which  oils  fluoresce  and  which  oils  do  not  fluoresce  when 
applied  as  a thin  film.  The  reason  the  Mobil  and  the  Sears  thread  cutting  oils  fluoresce 
and  the  others  do  not  fluoresce  is  because  there  must  be  some  additive  added  to  these 
two  oils  which  is  capable  of  fluorescence. 

i 

Prepared  by 

lGF/i'lr  . . . ■?)  i/f  a,i  - 
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SAMPLE  OF:  Epoxy  Compound 

FROM: 


A c^ilF&octucti  and  CAetmcaA 


ANALYTICAL  REPORT 


DATE:  10/25/71 
LAB.  NO.:  71-W»6 
LAB  BOOK:  1739 


Crest  Products  Co. ,.3010  Halladay  St.,  Santa  Ana,  Calif. 


SAMPLING  OATE: 
ANALYSIS  REQUESTED: 


REQUESTED  BY:  c-  Stompler 

Oxygen  compatibility 


SAMPLED  BY: 


ANALYTICAL  METHOD:  Oxygen  Index 

ANALYST:  L.G.F.  N|0 NO.: 

REMARKS:  XD-013U 


PRO).  NO.: 


ANALYSIS 


R&D  PROJ.  NO.: 


A two-part  epoxy  compound  (73^3  Resin  - 7139  Catalyst)  from  Crest  Products  Co. 
was  submitted  to  this  lab  for  testing.  The  sample  was  prepared  according  to  the 
manufacturer's  instructions  and  placed  on  various  test  panels  to  cure. 

A portion  of  the  epoxy  was  placed  on  a polyethylene  sheet  about  3 am.  thick,  and  later 
removed  and  cut  into  6.5  mm.  x 70  mm.  strips  for  testing  in  the  oxygen  index 
apparatus . The  following  results  were  obtained: 

% Oxygen  Remarks 

30  Material  melts  when  exposed  to  flame,  no  ignition  occured 

35  Ho  ignition,  melts 

40  Ho  ignition,  melts 

50  Entire  test  piece  burst  into  flames,  burns  to  completion 

in  20  seconds 

**5  Burns  to  completion  in  20  seconds 

b2  Burns  to  completion  in  20  seconds 

The  estimated  n value  (%  oxygen  needed  to  support  combustion)  is  Ll.  The  flame 
propagation  down  the  test  piece  was  extremely  rapid  in  comparison  to  some  of  the 
plastic  materials  tested,  l.e.,  polyethylene,  p.v.c.,  etc. 

Two  brass  panels  coated  on  one  side  with  the  epoxy  were  subjected  to  liquid  nitrogen 
temperatures.  The  one  coating  became  loose,  however,  this  may  have  been  caused 
by  inadequate  surface  preparation.  The  coatings  were  subjected  to  Impact  at  -320° 
and  showed  no  signs  of  stress. 
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SAMPLE  OF:  Oxy-Tite 

FROM:  Lg)te  Chemical  Co.,  250  N.  Washtenaw  Ave. , Chicago,  111. 


SAMPLING  DATE: 
ANALYSIS  REQUESTED: 

REQUESTED  BY: 

A.  Lapin 

SAMPLED  BY: 

ANALYTICAL  METHOO: 

Oxygen  Index 

ANALYST:  L.G.F. 

IWO  NO.: 

PROJ.NO.: 

R&D  PROJ.  NO.: 

REMARKS: 

XB-013U 

ANALYSIS 

A sample  can  of  Oxy-Tite  thread  compound  fear  oxygen  systems  vas  submitted  to  this 
lab  to  determine  oxygen  computability.  Some  of  the  compound  vas  spread  on  Whatman 
filter  paper  and  another  portion  on  a rigid  plastic  sheet. 

After  several  days,  some  of  the  compound  that  was  placed  on  the  filter  paper  vas 
ignited  in  room  air  and  appeared  to  burn  quite  veil.  The  compound  vas  then  allowed 
to  dry  for  approximately  five  to  six  additional  weeks.  The  compound  still  remained 
in  the  same  consistency  it  had  been  vhen  removed  from  the  can. 


A portion  vas  removed  from  the  plastic  sheet  and  placed  on  teflon  strips  for  testing 
la  the  oxygen  index  apparatus.  Teflon  vas  used  because  of  its  high  oxygen  index 
value  (90-95).  The  following  results  were  obtained: 


% Oxygen 


Burning  Time  (Sec.! 


Remarks 


25 

- 

'' 

3b 

3 

4 

i 

50 

20 

80 

20 

90 

20 
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Chars  - self-extinguishing 

Chars  - self-extinguishing, 
a few  ambers  burned  for  3 sec. 

Chars  - self -extinguishing, 
ambers  burn  for  20  sec. 

There  appears  to  be  some 
gaseous  ignition  from  the 
surface  of  the  sample.  Sample 
still  remains  self-extinguishing  - 


Sample  burned  about  25  mm.  and 
vent  out.  The  burning  that  did 
occur  vas  rather  violent, 
and  appeared  to  be  gaseous 


combustion  away  from  the 
sample  surface. 
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INTEROFFICE 

MEMORANDUM 


Subject: 


Date:  June  22,  1971 


Try  M.  T.  McHugh 


Distribution  and  Fleet  Operations 

(Location,  Organization,  or  Department) 


From:  F.  K.  Kitson 


IGD  Engineering 

(Location,  Organization,  or  Department) 


cc:  A.  Lapin 

P.  C,  Manwiller 
P.  F»  Newman 
W.  W,  Schmoyer 
B.  Trammell 


This  will  confirm  your  question  and  my  reply  of  June  21  regarding  the 
acceptability  of  the  rupture  discs  manufactured  by  Ametek  as  being 
sufficiently  compatible  with  oxygen  to  eliminate  any  concern  in  safe 
operation  of  the  LOX  tankers  presently  in  service  due  to  the  very  small 
quantity  of  flammable  adhesive  on  the  disc.  We  seriously  question  if  an 
adhesive  is  available  which  could  be  considered  completely  compatible 
with  oxygen.  Tests  conducted  at  RAD  on  June  22  verify  the  fact  that  the 
small  quantity  of  adhesive  between  the  lead  and  aluminum  sheets  is 
insufficient  to  ignite  the  aluminum  in  an  oxygen  atmosphere. 

As  in  any  oxygen  system,  an  evaluation  of  the  degree  of  hazard  depends 

on  the  combustibility  of  the  material  in  oxygen  and  quantity  present, 

the  additional  material  which  can  enter  into  the  rear  -on,  if  a triggering 

mechanism  is  present,  and  the  total  consequences  that  can  conceivably 

occur.  The  stainless  steel  piping  and  vent  stack,  copper  on  older  tankers, 

discharging  to  the  atmosphere  further  reduce  the  possibility  of  a safety  > 

problem. 

i 

Paul  Manwiller  indicates  discs  are  supplied  by  three  other  manufacturers 

under  Spec.  93879A.  Samples  of  these  discs  will  be  reviewed  and  if  judged  ••  \ 

advisable,  tests  will  be  conducted  at  RAD. 

If  you  have  any  further  questions,  please  contact  me. 


7KK:nb 

Retyped  9-27-72  krs 


OBIQlttAL  SIGHED  Btt 

F.  K.  Kitson 


i 


r*)2ol 


APO  DOCUMENT 


c7&i/i7~%oc£uc&  a**/  (%e*ttica& 


D" 


SAFETY  RELIEF  DEVICE  STANDARDS 
by 


Compressed  Gas  Association,  Inc. 


PART  III 

Compressed  Gas  Storage 
Containers 

CGA  Pamphlet  S-1.3 
IIP,  1966. 


k 

! 

] \ 

<s 

i 


I 


APCI  OOCUMEN1 

“T 


SAFETY  STANDARDS 
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627  PERSONNEL  PROTECTIVE  EQUIPMENT Page  1 

EYE  PROTECTION 


1.  PURPOSE 

This  standard  establishes  approved  eye  protection  equipment  and 
purchasing  data  for  all  employees  working  in  areas  where  eye 
protection  has  been  declared  necessary. 

2.  SCOPE 

This  standard  applies  to  all  APCI  facilities. 

3.  GENERAL 


This  standard  governs  unless  supplimented  or  superseded  by  the 
"Recommended  Safety  Equipment  List"  prepared  by  APCI  Safety  Depart- 
ment for  each  installation.  Any  changes  to  this  standard  require 
approval  by  the  Safety  Department. 

All  of  the  listed  vendors  have  offices  in  major  cities  throughout 
the  United  States  and  overseas.  Should  none  of  these  vendors  be 
available,  any  company  with  equal  specifications  will  be  acceptable. 

4.  SreCTACLE  TYPE  (CORRECTIVE  OR  NON-CORRECTIVE)  CLEAR  AND  TINTED 

A.  Areas  of  Use 

Low  impact  areas  where  the  hazard  of 
flying  materials  is  at  a minimum. 

This  type  of  protection  is  to  be 
classified  as  a minimum  for  eye 
protection.  The  tinted  lens  should 
not  be  used  as  a substitute  lens 
for  welding  work. 

B.  Description 

1.  Clear  hardened  glass  meeting  American  Standards  Association 
standard  (includes  hardning,  impact  test  of  0.4122  foot 
pounds,  minimum  thickness,  optical  correctness,  etc.). 
Frames  are  to  be  of  flesh  color  plastic  unless  otherwise 
approved  by  the  facility  authority.  Temples  are  to  be  of 
either  the  "Comfort  Cable"  type  or  the  flat  spatula. 

2.  Tinted  hardened  lenses  in  various  shades  of  tint,  to 
American  Standards  Association  specifications.  Available 
in  prescription  or  non-corrective  piano  lenses.  Frames  are 
to  be  of  flesh  color  plastic  unless  otherwise  approved  by 
the  facility  authority.  Temples  to  be  of  the  "Comfort 
Cable"  type  or  the  flat  spatula. 
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4.  SPECTACLE  TYPE  (CORRECTIVE  OR  NON-CORRECTIVE)  CLEAR  AND  TINTED  (Contd) 
D.  Description  (Contd) 

2.  (contd) 

Tints  available  are  "Calobar"  medium,  dark,  extra  dark,  ani 
Didymium.  The  following  table  will  govern  the  use  of  tinted 
lenses: 


Calobar 

Shades 

Medium 

Dark 

Extra  Dark 


Visible 

Light 

Transmitted 

53? 

3556 

2056 


Ultraviolet 

Absorbed 

10056 

10056 

10056 


Infrared 

Absorbed 

8O56 

9256 

9556 

yellow  sodium 


Didymlmum  lenses  absorb  about  90  per  cent 
flare  encountered  in  glass  blowing. 


of 


C.  Vendors  - American  Optical  Company 

Bausch  & Lomb  Optical  Company 
Industrial  Products  Company 
Titmus  Optical  Company 
Willson  Products  Company 

5.  EYE  SHIELD  TYPE 

A.  Areas  of  Use 


As  a visitor  eye  protection  item,  or  to  be 
used  until  prescription  spectacles  are 
available.  These  visor  type  shields  are 
not  to  be  used  as  a substitute  for  spectacle 
type  eye  protection  in  areas  of  production 
hazards. 

B.  Description 

One  piece  plastic  lens  with  either  plastic  spatula  temples  or 
elastic  headband.  Universal  size  and  fits  over  personal 
spectacles. 

C.  Vendors  - American  Optical  Company 

Bausch  & Lomb  Optical  Company 
H.  L.  Bouton  Company 
Industrial  Products  Company 
Willson  Products  Company 


« 
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6.  FACE  SHIELDS 

A.  Areas  of  Use 

Used  for  situations  where  not  merely  the 
eyes,  but  the  whole  face  requires  pro- 
tection. The  use  of  face  shields  does 
not  eliminate  1. 1 * use  of  spectacle  type 
protection,  but  is  used  in  addition  to 
other  protection. 

B.  Description 

The  assembly  consists  of  a headgear  and  visor.  The  headgear 
provides  for  support  of  weight  by  crown  strap  and  has  hard  fiber 
8 park-guard  protecting  the  forehead.  Size  adjustment  is  made  by 
a single  knob  in  the  back,  and  a thumb-nut  adjustment  is  prov- 
ided for  visor  position.  The  visor  is  clear  and  is  9 inches  by 
19  inches  by  .060  inches. 

C.  Vendors  - American  Optical  Company 

Fibre-Metal  Company 
Industrial  Products  Company 
Mine  Safety  Appliance  Company 
Willson  Products  Comoanv 

7.  MONOGOGGLE  TYPE 

A.  Areas  of  Use 

The  unvented  type  are  designed 
to  be  used  in  areas  where 
acids  or  alkalis  could  be 
splashed  in  the  eyes.  The 
vented  type  are  to  be  used 
where  moderate  impact  is  in- 
volved, and  where  small  fly- 
ing material  might  get  behind 
the  spectacle  type  glasses. 

B.  Description 

Soft  plastic,  close  fitting  clear  frame  with  one  piece,  optically 
correct,  clear  plastic  lens  and  elastic  headt  and.  Universal  size, 
can  be  worn  over  personal  glasses. 


C.  Vendors  - American  Optical  Company 

Bausch  & Lomb  Optical  Company 
H.  L.  Bouton  Company 
Industrial  Products  Company 

OrSgiaottd  By:  Approved:  Solely  Director 
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7.  MONOGOGOLE  TYPE  (Contd) 

C.  Vendors  - (Contd)  - Mine  Safety  Appliance  Company 

Willson  Products  Company 

8.  CHIPPER'S  GOGGLES 

A.  Area  of  Use 

Used  for  protection  against  impact  as  in 
chipping,  grinding,  etc. 

B.  Description 

Soft  clear  vinylite  frame  with  high  impact  resistant  clear  plastic 
lenses  adapter  and  50  mm  clear  safety  lenses.  The  frame  may  be 
perforated  to  prevent  fogging.  Universal  size;  can  be  worn  over 
personal  glasses. 

C.  Vendors  - American  Optical  Company 

Bausch  & Lomb  Optical  Company 
H.  L.  Bouton  Company 
Industrial  Products  Company 
Willson  Products  Company 

9.  WELDER'S  G03GLES 

A.  Areas  of  Use 

Used  for  acetylene  welding,  cutting, 
burning,  brazing,  etc.  Protects 
against  injurious  light  rays,  glare, 
flying  sparks,  chips  and  scales. 

B.  Description 

Opaque  green  soft  vinyl  frame  with  black  flame  resistant  plastic 
lens  adapter  and  50  mm  lenses  of  the  proper  shade. 

Guide  to  Shade  Numbers 


1.  Soldering  ............  shade  4 

2.  Acetylene  cutting  (up  to  6 in.)  shade  4 

3.  Acetylene  cutting  (6  in.  and  over)  shade  6 

4.  Acetylene  welding  (up  to  l/8  in.)  shade  4 

5.  Acetylene  welding  (1/8  in.  and  over) shade  6 

6.  Electric  arc  welding  .use  welding  hood 

7.  Inert  gas  welding use  welding  hood 


NOTE  - Universal  size  - can  be  worn  over  personal  glasses. 
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9.  WELDER'S  GOOGLES  (Contd) 

C.  Vendors  - American  Optical  Company 

Bausch  & Lomb  Optical  Company 
H.  L.  Bouton  Company 
Industrial  Products  Company 
Willson  Products  Company 

10.  WELDING  HOODS 

A.  Areas  of  Use 

Electric  arc  welding  and  cutting, 
inert  gas  welding. 

B.  Description 

Pull  curve  lift  front  welding  helmet 
(vulcanised  fiber  or  fiber  glass) 
equipped  with  the  proper  shade  filter  glass  and  a clear  glass  cover 
plate  in  a lift-front  holder.  Universal  fit  - adjustable. 

Shades  of  Filter  Glasses 

1.  Shade  number  10  is  to  be  used  for  electrical  arc  welding 
and  cutting  using  current  values  up  to  200  amperes, 

2.  Shade  number  12  is  to  be  used  for  electrical  arc  welding 
and  cutting  using  current  values  from  200  to  400  amperes, 

3.  Shade  number  14  is  to  be  used  for  electrical  arc  welding 
and  cutting,  inert  gas  welding,  carbon  arc  welding  and  cut- 
ting and  fcr  atomic  hydrogen  welding  using  current  values 
over  400  amperes. 

NOTE  - It  is  recommended  that  safety  spectacles  be  worn  under 
welding  helmets. 

C.  Vendors  - American  Optical  Company 

Fibre-Metal  Products  Company 
Industrial  Products  Company 
Mine  Safety  Appliance  Company 
Willson  Products  Company 
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PRESSURE  GAUGE  FAILURE 
Safety  Glaeeea  Save  Another  Pair  of  Brea 


Safety  glasses  undoubtedly  saved  another  pair  of  eyes  last  Monday  Homing  when 
a pressure  gauge  failed,  blowing  fine  splinters  of  glAsa  into  the  face  of  one 
of  the  operators.  The  lenses  of  the  safety  glasses  were  chipped  by  the  impact 
of  the  flying  splinters,  and  the  operator  spent  24  hours  in  the  hospital  after 
having  the  splinters  removed  from  his  face — but  his  eyes  were  unscathed. 

The  unit  that  failed  was  an  Ashcroft  three  thousand  pound  test  gauge  certified 
for  oxygen  service.  Although  the  gauge  had  been  in  service  less  than  two  months, 
it  had  been  used  on  a number  of  occasions  in  oxygen  service  at  the  new  Granite 
City  plant.  At  the  time  of  the  failure,  the  gauge  was  being  used  to  check  the 
pressure  gauges  in  the  cylinder  filling  room.  To  check  the  manifold  pressure 
gauge,  the  test  gauge  had  been  connected  directly  to  an  oxygen  cylinder  which  had 
just  been  filled  to  about  2400  paig.  When  the  cylinder  valve  was  opened,  the 
Bourdon  element  failed,  breaking  the  cast  aluminum  case  into  four  large  pieces 
and  numerous  small  ones,  and  shattering  the  safety  glass  crystal.  Although  the 
blowout  grommet  released,  there  was  not  sufficient  area  to  relieve  the  high 
pressure  and  high  flow  of  gas  from  the  cylinder  without  breaking  the  case  and 
the  crystal.  One  operator  received  a severe  sprain  of  the  left  hand,  and  a 
cut  on  the  forehead,  but  was  released  from  the  hospital  after  X- ray  and  treat- 
ment. The  second  operator,  however,  was  standing  in  front  of  the  gauge  at 
the  time  it  failed,  and  was  struck  in  the  face  by  splinters  from  the  safety 
glass  crystal. 


Engineering  specifications  for  some  time  have  called  for  solid  front  construction 
and  plastic  crystals  for  all  pressure  gauges  4&  inches  in  diameter  and  larger, 
except  3 to  15  psi  receiver  gauges.  The  entire  back  of  a solid  front  gauge  will 
blow  out  at  a very  low  internal  pressure.  The  plastic  crystal  adds  to  the  safety 
of  the  unit,  as  it  is  stronger  and  will  not  shatter  as  will  both  plain  and  safety 
glass.  It  should  be  noted  by  all  requisitioning  offices  that  this  type  of  con- 
struction is  required. 

In  addition,  the  following  precautions  should  be  followed: 


- Pressure  gauges  should  be  installed,  if  possible,  above  eye  level. 


• Gauges  should  be  pressurised  slowly.  Pressure  surges  may  rupture  the  gauge 
or,  if  in  oxygen  service,  may  ignite  combustibles  in  the  Bourdon  element  if 
the  unit  has  not  been  cleaned  or  handled  properly. 


- Safety  glasses  must  be  worn  in  all  areas  designated  as  requiring  safety 
glasses.  ^ 
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Number  29 


Safety  Equipment  Never  Prevents  an  acciden* — 
It  only  Prevents  an  In.lury 


The  following  has  been  extracted  from  a report  by  H.  W.  Keys,  Safety  Engineer, 
West  Coast  Operations: 

"On  June  19,  1963  a loader  at  Vandenberg  hFB  had  just  finished 
loading  a liquid  nitrogen  trailer;  the  valves  were  shut  off  and 
the  loader  was  waiting  for  the  liquid  in  the  transfer  hose  to 
vaporize.  At  this  moment,  the  Air  Force  driver  opened  the 
valve  and  started  to  disconnect  the  transfer  hose.  Liquid 
nitrogen  sprayed  out  of  the  valves  and  a large  volume  of 
liquid  struck  the  loaders  face  shield.  This  liquid  caused  the 
face  shield  to  freeze;  the  loader  turned  away  and  struck  the 
face  shield  on  a steel  beam  causing  it  to  shatter.  Should 
this  loader  have  not  been  wearing  his  face  shield,  he  could 
have  been  blinded  and  would  have  suffered  extensive  tissue 
damage." 

Many  times  APCI  personnel  have  been  observed  handling  cryogenic  liquids  and 
materials  without  any  of  the  prescribed  personnel  protective  equipment. 

These  persons  are  placing  themselves  in  a position  where  even  a minor  spill 
could  cause  a very  severe  injury.  Persons  handling  cryogenic  materials, 
whether  it  be  in  plant  operations,  customer  delivery,  manufacturing  applica- 
tions or  in  the  laboratory  should  re-evaluate  their  handling  procedures 
and  observe  the  following  recommendations: 

1.  A full  face  shield  should  be  worn  over  the  usual  safety  glasses. 

2.  Gloves  should  be  worn  with  the  gauntlets  tucked  under  the  cuffs  of  the 
shirt  or  coat. 

3.  Be  sure  that  drivers  know  and  follow  the  trailer  loading  procedures; 
make  certain  that  all  others  handling  cryogenic  materials  are  familiar 
with  the  safe  handling  procedures  and  wear  the  proper  protective  equipment. 

4.  Before  disconnecting  any  transfer  nose,  be  sure  that  the  liquid  has  been 
drained,  any  remainder  vaporized  and  the  hose  has  been  depressurized. 

There  is  a safety  axiom  that  bill  keys  included  in  his  report  which  is 
appropriate:  "Safety  equipment  never  prevents  an  accident;  it  only  prevents 

an  injury."  Using  this  approach,  we  must  endeavor  to  eliminate  unsafe 
handling  practices,  and  back  this  up  with  the  wearing  of  proper  protective 
equipment . 


SAFETY  DEPARTMENT 
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An  employee  is  now  blind  in  one  eye  and  vision  is  impaired  in  the  other  eye  as  a 
result  of  a test  gauge  failure  while  an  oxygen  cylinder  was  being  checked  for 
pressure  content. 

The  cause  of  the  gauge  failure,  which  is  not  known  at  this  time,  is  not  significant 
so  far  as  this  accident  is  concerned.  The  important  fact  is  that  serious  injury 
was  involved  because  two  safety  rules  were  not  followed.  The  injured  person  WAS 
NOT  WEARING  SAFETY  EYE  GLASSES  and  WAS  STANDING  DIRECTLY  IN  FRONT  OF  THE  GAUGE  WHEN 
IT  WAS  PRESSURIZED.  These  injuries  were  completely  avoidable  and  unnecessary.  If 
safety  eye  glasses  had  been  worn  and  the  proper  procedure  for  using  hand  gauges  to 
obtain  pressure  readings  had  been  followed,  no  serious  injuries  could  have  occurred. 

Each  employee  is  responsible  for  his  safe  working  habits,  but  it  is  the  supervisors 1 
and  managers'  responsibility  to  provide  the  necessary  information  to  the  employee  so 
that  he  can  perform  safely,  and  to  be  constantly  alert  to  prevent  violations  of  safe 
work  practices.  Most  importantly,  supervisors  and  managers  must  set  the  pattern  for 
safe  practices  by  their  own  example. 

Twelve  accidents  are  on  record  concerning  gauge  failures,  line  failures,  pressure 
failures,  and  other  type  industrial  failures  which  have  one  very  important  item  in 
c ommon "Safety  glasses  have  saved  the  operator's  eyew . " 

One  safety  rule  is  restated  from  the  Company's  Safety  Policy, 

"Wearing  of  safety  glasses  in  all  work  areas  of  the  Company,  with  the  exception 
of  offices,  rest  roans,  locker  rooms,  and  occupancies  or  similar  nature,  is 
mandatory." 

YOU  CAN  REPUCE  SAFETY  EYE  GUSHES,  BUT  YOU  CANNOT  REPUCE  EYES. 


WWSchmo.ver/jg 
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627  Personnel  Protect  ive  Equipment.  Pape  1 

WEARING  APPAREL  * HARD  HATS 


1.  PURPOSE 

This  standard  establishes  approved  head  protection  for  both  electrical  and 
non-electrical  use. 

2.  SCOPE 

This  standard  applies  to  all  APCI  facilities. 

3.  GENERAL 

The  following  approved  and  standardised  head  protection  is  required  on  all 
purchases  following  the  date  of  this  ctandard.  This  standard  governs  unless 
supplemented  or  superseded  by  the  "Recommended  Safety  Equipment  List"  prepared 
by  the  APCI  Safety  Department  for  each  installation.  Any  change  to  this 
standard  requires  approval  by  the  Safety  Department. 

4.  NON -ELECTRICAL  HARD  HATS 

White  linear  polyethylene.  Hats  must  pass  all  federal  dielectric,  impact, 
and  plumb  bob  tests.  Hats  will  be  equipped  with  dihedral  suspension  head- 
band  assembly  in  vinyl.  Bullard  No.  70-802  EM. 

Vendor: 

Industrial  Products  Company,  2820  North  Fourth  Street, 

Philadelphia,  Pa.  19133 

5.  ELECTRICAL  HARD  HATS 

Yellow,  estherene  (2)  plastic,  passing  the  Edison  Electric  Institute  require- 
ments. Hats  will  be  equipped  with  non-conductive  plastic  clips  to  hold  +he 
dihedral  suspension  headband  assembly.  Vinyl  sweatband  and  non-conducting 
chin  strap.  Bullard  No.  E S-302  DM. 

Vendor: 

Industrial  Products  Company,  2820  North  Fourth  Street, 

Philadelphia,  Pa.  19133 

6.  HARD  CAP  WINTER  LINERS 


Green  standard  ear lap  winter  liner  - Bullard  No.  70-EL-33  sises: 
small  - 6-5/8  to  6-7/8 
medium  - 7 to  7-1/4 
large  - 7-3/8  to  7-3/4 


Vendor: 

Industrial  Products  Company,  2820  North  Fourth  Street, 
Philadelphia,  Pa.  19133 
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